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Partisan Posturing Delays Aircraft Decision 


43070010A Tokyo THE NIKKEI WEEKLY in English 
14 Nov 94 p4 


[Article by Hidenaka Kato, staff writer] 


[FBIS Transcribed Text] A few months ago, it was almost a 
sure bet that a U.S. aircraft manufacturer would be the one 
to fill the order for a new utility plane for Japan’s military. 
Domestic political partisanship has since entered the pic- 
ture, however, threatening to delay any deal and giving 
manufacturers in other countries an outside chance that 
they will be able to land the order. 


At issue is the so-called UX—for utility experimental—a 
business-type aircraft that will be used by the Air Self- 
Defense Force to transport officers and carry out other 
support duties. The aircraft would replace the Air SDF’s 
aging fleet of five Beechcraft B65 models, purchased from 
Beech Aircraft Corp. of the United States in 1969 and 1970. 


Three-Way Competition 


The Defense Agency and the SDF have looked at three 
candidate models since May—a military version of the 
Gulfstream IV, built by Gulfstream Aerospace Corp. of the 
United States; the Challenger 601, built by the Canadair 
Group of Bombardier Inc., based in Canada; and the 
Mystere-Falcon 900, produced by Dassault Aviation of 
France. 


The three aircraft have similar price tags of about ¥ 4 billion 
($40.8 million) each and have comparable performance 
capabilities, according to the agency. 


The agency plans to purchase a total of nine UX aircraft by 
fiscal 1999, and has included two of the planes in its budget 
request for the next fiscal year, even though the manufac- 
turer has yet to be decided. 


In August, the agency unofficially decided on the Gulf- 
stream IV, which is already being used by the U.S. Navy. 


“I wouldn’t say the purchase plan had been 100% fixed,” 
said Yoshiaki Hotsuki, the agency official in charge of the 
project. “But we had reached a certain point after several 
discussions” held during the administration of Prime Min- 
ister Tsutomu Hata, which was replaced by the current 
ruling coalition in late June. 


That tentative decision has been increasingly challenged of 
late by members of the three coalition partners—the Liberal 
Democratic Party, the Social Democratic Party of Japan 
and Sakigake. LDP members in particular are demanding 
that the plan be reconsidered. 


Home Affairs Minister Hiromu Nonaka of the LDP fired 
the first shot in August, soon after the Defense Agency 
made its informal decision. The agency, he said, “must 
set up a third-party committee to pick the UX fairly and 
transparently.” 


After hearing similar comments from other cabinet minis- 
ters, Defense Agency Director General Tokuichiro 
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Tamazawa, also an LDP member, told agency officials that 
“more time is required for further study.” 


According to government sources, the LDP’s stance has 
nothing to do with the Gulfstream IV’s capability and 
everything to do with politics. 


In the past, military-aircraft purchases were delayed as 
lawmakers debated the pros and cons of the models selected 
by the Defense Agency. That the current debate is being 
carried out despite near-universal agreement that the Gulf- 
stream IV is the right choice is “unusual,” Hotsuki said with 
a trace of bitterness. 


In fact, late last month the agency completed a re- 
examination of possible UX candidates by civil-aviation 
experts, concluding that, “In terms of economic efficiency, 
the American aircraft are better suited,” a senior official 
said. 


Revenge Motive 


The intent of the LDP, according to sources, is to remove 
any vestiges of influence on policy-making by the opposition 
camp, in particular Hata’s Shinseito. An LDP spinoff group, 
Shinseito’s formation robbed the Liberal Democrats of their 
majority in 1993, leading to the end of 38 years of single- 
party rule. And despite the LDP’s return to power as a 
coalition partner, the desire to exact revenge lingers among 
some members. 


When the LDP splintered last year, two of the party’s 
lawmakers who previously served as SDF officials jumped 
to Shinseito. Said an LDP cabinet minister at the time, “It 
is undeniable that the Defense Agency and the SDF are 
distancing themselves from the LDP.” 


It is widely believed that a Shinseito lawmaker, with the 
help of a U.S. defense-industry lobbyist, influenced the 
agency’s decision to choose the Gulfstream. Both the law- 
maker and the agency deny the allegation. 


The general view among agency officials is that the political 
scuffle will delay implementation of the original decision to 
buy the U.S. planes but not reverse it. Meanwhile, however, 
they are getting anxious that this game of political one- 
upmanship may not be resolved in time for the first two UX 
aircraft to be included in the fiscal 1995 budget. 


Defense Agency officials hold the view that choosing an 
American aircraft would be a sound decision, considering 
the SDF’s close cooperation with the U.S. military under the 
bilateral security pact. 


Even so, both the Canadians and the French have not given 
up. In late August, French Prime Minister Edouard Balladur 
sent a message to Murayama, urging him to adopt an open- 
bidding process for the contract. And Canadian Premier Jean 
Chretien was quoted by government officials as pitching the 
sales points of the Challenger when he met with Minister of 
International Trade and Industry Ryutaro Hashimoto in 


September. 
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The Gulfstream IV is the most likely candidate for Japan’s next utility aircraft. 





A marketing official at Gulfstream’s corporate headquarters 
said the executive overseeing the project was out of town 
and unavailable for comment. 


Influence Ploy 


There are many within the LDP who feel that by delaying 
the selection process, the party can re-establish dominance 
over the Defense Agency and marginalize Shinseito, a core 
group in the united opposition party that will be established 
on 10 December. 

Also at stake is the political loyalty of the SDF. With about 
240,000 civilian and military personnel, the organization is 
viewed by both the ruling coalition and the non-Communist 
Opposition as a potential component of their respective 
vote-gathering machines in the next election. 

Lawmakers on both sides of the aisle have been intensifying 
their efforts to woo the organization’s leaders and even 
recruit candidates from the ranks of the SDF. However, 
SDF officials have been careful to avoid making any state- 
ments that may be interpreted as being of a political nature. 


Agency Prototype Geared for Spin on the Moon 


43070010B Tokyo THE NIKKEI WEEKLY in English 
24 Oct 94 p 12 


[FBIS Transcribed Text] To meet its goal of developing a 
practical moon exploration vehicle by the year 2000, 
Japan’s National Space Development Agency has begun 
operational tests on a prototype unmanned moon rover. 


Such a lunar surface explorer is called for in the Space 
Activities Commission’s long-range vision on space devel- 
opment, which identifies lunar exploration as a new pillar of 
Japan’s space program. The radio-controlled prototype, 
built under contract by Nissan Motor Co., is 1.5 meters 
long, !.1 meters wide, stands 80 centimeters tall and weighs 
250 kg. 


The vehicle body is separated into front and rear segments, 
which enable it to twist and turn over the rough lunar 
landscape. The vehicle moves on three sets of wheels— 
front, middle and back—with each driven separately by a 
battery-powered motor, and both the front and the rear sets 
can be turned independently. 


The prototype can travel at a maximum speed of 4 kph, can 
handle grades as steep as 30 degrees, and can turn in a radius 
fas little as 1.5 meters. The battery provides 30 minutes of 
travel time when charged for eight hours. 


A practical lunar rover must also incorporate a control 
system to recognize obstacles, and a manipulator to scoop 
up rock samples. The agency is now developing the hard- 
ware and software to meet these needs, and plans to add 
them to the prototype by the end of next year. The agency's 
final objective is to develop a remote-controlled lunar rover 
that weighs 500 kg and runs at an average speed of | kph. 
The two biggest challenges facing the agency is the develop- 
ment of a system which can protect the vehicle from the 
extreme changes in temperature experienced on the lunar 
surface, and a way of ensuring an effective power supply. 
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With a maximum speed of 4 kph, the surface explorer runs for 30 minutes when charged for eight hours. 





Aerospace industry Sees Dim Future Beyond FSX 
Fighter 


430,0010C Tokyo THE NIKKEI WEEKLY in English 
17 Oct 94 p 8 


{Article with no byline} 


[FBIS Transcribed Text] Even the Defense Agency’s recent 
scheme to develop a prototype of a next-generation fighter 
jet will likely not be enough to keep Japan’s government- 
dependent aerospace industry afloat, at least in its present 
form. 


Ata time when the agency is faced with budget cuts, the plan 
for a new fighter, which became known about two months 
ago, is a desperate measure to help bring Japan’s aircraft 
industry up to speed with the U.S. and Europe. 


But discord among domestic aircraft manufacturers has 
delayed plans, and even if the prototype proposal flies, the 
absence of a plan for mass production takes away some of 
the project’s appeal. 


No other industry in Japan depends as much on military 
procurement as aeronautics. Japanese firms manufacture 
U.S. fighter planes under license for the Defense Agency and 
have independently developed such aircraft as the C-1 
transport plane, the T-2 trainer and the F-1 support fighter. 


Last of the Big Deals 


But without new orders, the first flight next summer of the 
FSX which will replace the F-1 could signal the end of 
large-scale development projects. 


That is, in part, what prompted the idea of developing an 
advanced fighter prototype. The Defense Agency will appro- 
pricte funds for the craft’s development in its fiscal 1996 


budget. Development costs total some ¥ 100 billion ($1 
billion), with completion scheduled for 2008, according to 
estimates by the Defense Agency’s Technical Research & 
Development Institute. 


Conceptual drawings show a plane crammed with the latest 
military aircraft features, including canard wings, fiber- 
optic fly-by-light controls, radar integrated into the surface 
of the aircraft and stealth capability, which would make the 
jet difficult to be detected by enemy radar. 


Because it is unlikely that there will be mass production, 
especially with the end of the Cold War and the dissolution 
of the former Soviet Union, the aircraft’s funding formula 
differs from past projects. Traditionally, defense-related 
firms funded development and recouped their investment 
only after production began. 


Even if the prototype were developed, it is likely that a 
successor for the F-15 the principal fighter jet of the Air 
Self-Defense Force it is almost certain that the agency would 
use U.S.-made aircraft. Japan does not yet have the capa- 
bility to independently develop planes capable of modern 
fighter combat. 


But there are some incentives for building a prototype. One 
is that building an advanced jet is a way to keep up with 
leading-edge technologies. Moreover, “if we fall too far 
behind the West, we will also lose our negotiating strength 
when buying foreign planes,” says Yutaka Hineno, aero- 
space director for Mitsubishi Heavy Industries Ltd. 


But aircraft makers can’t continue to depend on the govern- 
ment. “We can no longer rely on the Defense Agency for 
both technology and production,” says Takashi Nishioka, a 
managing director of Mitsubishi Heavy. The company’s 
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strategy will be to continue designing and developing for 
Defense Agency projects, while factory operations will be 
kept alive by other means, such as shared production of 
private passenger planes. For example, the firm was 
involved in the production last year of a Canadian business 
jet. 

Little Guy Left Out 


The prototype jet won't help the industry’s smaller players 
much, either. “The aircraft industry is made up of a large 
number of subcontractors. While engineers from some com- 
panies might benefit from the project, that alone is mean- 
ingless if subcontractors are forced out of business,” says 
Tomihisa Mori, managing director of Kawasaki Heavy 
Industries Ltd. 
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Mitsubishi Heavy and Kawasaki Heavy, the two top aircraft 
manufacturers, have embraced the idea of developing the 
aircraft with varying degrees of enthusiasm. The Defense 
Agency had originally intended to include development 
funds in this summer’s budget estimates and to start work in 
fiscal 1995. 


But discord among airplane manufacturers delayed the 
plan by one year, says an executive director of one major 
electric-machinery corporation. Moreover, Mitsubishi 
Heavy, which to date has concentrated mainly on fighter 
planes, was thought destined to become the lead con- 
tractor a prospect that did not please arch rival Kawasaki 
Heavy. 


A mock-up of the FSX fighter jet gives an idea of the plane’s advanced features, but mass production may never get 
off the ground 
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Japan’s Genome Research Shifts to Analysis 
43070022A Tokyo THE NIKKEI WEEKLY in English 
16 Jan 95 p 11 


[Article by Yumiko Okuno: “Genome Research Shifts to 
Analysis” 


[FBIS Transcribed Text] The grandly stated goal of the 
international Human Genome Project is io « smpletely 
decipher the genetic code of humans. 


Until now, much of the effort has focused on sequencing 
DNA and constructing a chromosome map upon which the 
location of genes can be placed. But as the map nears 
completion, research will shift more to the analysis and 
extraction of meaning from this vast amount of information. 


The efficiency with which this research can be carried out 
will be largely determined by the specu vu. base sequence 
analysis and the ease of database manipulation. Japan lags 
behind the U.S. and Europe in this regard. However, it has 
always excelled, at playing technological catch-up. 


The determination to make a significant contribution to the 
Human Genome Project can be seen in the efforts now 
being made to develop the necessary infrastructure by the 
Human Genome Center of the University of Tokyo’s Insti- 
tute of Medical Science, one of the central data processing 
facilities in Japan for genome information. 


The center now operates three laboratories: one to analyze 
genome structure, one to analyze DNA information and a 
third to support the genome database and develop software 
for genome analysis. 


The center has already developed five software programs, 
including a program called HyperGenom to retrieve and 
cross-reference information on existing human genome 
maps. These programs have been made publicly available, 
and the center is now promoting the construction of a 
computer network that will give scientists across Japan easy 
access to the center’s database. 


Of course, these measures alone cannot help Japan catch up 
to the efforts in Europe and the U.S. “Biologists and 
computer scientists are two separate breeds. What we need 
to do is train people who are comfortable in both worlds,” 
said the center’s Toshihisa Takagi. 


Kernel of Knowledge 


The human genome is not the only genome worth analyzing. 
A comparison of different organisms sheds light on the 
importance of various genes and on the process of evolution. 


Also, detailed genetic-level information of important crop 
plants can be used by biotechnologists to develop strains 
with improved characteristics like disease resistance. 

When it comes to the rice genome, Japan leads the world. 


Spearheading the effort is the Society for Techno- 
innovation of Agriculture, Forestry and Fisheries in 
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Tsukuba, where research is conducted by both government- 
affiliated and private-industry scientists. The facility is 
supported by the Ministry of Agr:culture, Forestry and 
Fisheries. 

So far, this effort has located markers for 1,600 genes on the 
12 chromosomes of rice. Even though rice is not a staple in 
the West, the work in Japan has attracted worldwide atten- 
tion because wheat, corn and other grains are genetically 
similar to rice. Thus, the results of the analysis of rice should 
lead to rapid advances in the genetic analysis of other grains. 


Pleased with the success of the rice genome analysis project, 
the Agriculture Ministry initiated a livestock genome anal- 
ysis project this fiscal year. The objective is to use the 
know:edge gained to breed better cattle and pigs. In addi- 
tion, scientists are now considering a similar project to 
analyze the genome of fish. 

One of the problems with the overall genome effort in Japan 
is the lack of participation by the private sector. With the 
notable exception of Otsuka Pharmaceutical Co., which is 


conducting independent research on the human genome, 
few Japanese businesses have taken on genome research. 


Considering the increased assertion of intellectual property 
rights in regard to genes, particularly by private U.S. enter- 
prises, it could be said that Japanese corporations hold the 
key to the future progress of genome research in Japan. 


Japan Tobacco Promotes Biotec Research 
ne New, Stronger Strains of Vegetables, 
43070023A Tokyo THE NIKKEI WEEKLY in English 
9 Jan 95 p 10 


[Article by Yumiko Okuno: “Japan Tobacco Cultivates 
Agribusiness Venture”’} 


[FBIS Transcribed Text] Having cut their agricultural teeth 
on tobacco plants, scientists at Japan Tobacco Inc. (JT) are 
now engineering food pants, including rice and a variety of 
vegetables. JT’s agribusiness venture focuses the efforts of 
its plant scientists on practical, commercial applications. 


“If you say it can’t be done, that it’s impossible, then we 
don’t need you,” said Takao Okamura, head of JT’s Applied 
Plant Research Laboratory in Tochigi Prefecture. This can- 
do attitude instilled in researchers has helped the laboratory 
boost JT’s agribusiness profits. 


Each research project at the laboratory is designed around a 
specific product goal, and the team leader is given respon- 
sibilities that go beyond science, for example managing the 
project budget. 

Unlike basic research, which allows for trial and error and 
the refinement of ideas, these product development research 
projects must operate within time and money constraints. 
Such an arrangement is not unusual for companies like 
electronics manufacturers focused on applications 
research—but this is a former state-owned monopoly. 
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Farmers in Arm 


The Applied Plant Research Laboratory developed this type 
of research system in reaction to the pressing need to develop 


products that can rival those of seed and agrochemical 
manufacturers. 


But aware that all work and no play makes Jack a dull 
scientist, the lab has also pledged thut 10% of its research will 
not be directly related to product development. This so-called 
“10% rule” allows some free experimentation, which the lab 
hopes will result in completely new technologies and truly 
revolutionary products. 

Meanwhile, to keep the focus of research on products that 
farmers want to buy, Okamura makes sure that his scientists 
visit farmers and listen to their problems. They also provide 
“soft services” such as examining diseased plants. 


One successful outcome of this process is the sale of organic 
fertilizers in Iwate Prefecture. In Morioka, spinach is grown 
four times a year, but the last one or two harvests are usually 
rampant with disease. JT researchers examined the sick 
fields and discovered that a primary cause was that the 
fertilizers the farmers used tended to rise to the surface as 
moisture in the soil evaporated. The next season, several 
experimental fields of spinach were grown using JT's fertil- 
izer. These plants showed better resistance to disease, and as 
a result, the company won business, at one time capturing 
half of the fertilizer market in Morioka. 


Another target of JT’s agribusiness is environmental 
friendly products. One example is a bio-herbicide for use on 
golf courses. The company is still collecting data needed to 
register its product as an agricultural chemical, but already 
a number of golf courses have made inquiries. 

These efforts with fertilizers and herbicides are just side- 
shows, however. If the lab is to really contribute to JT’s 
agribusiness, it must star in center stage by developing new 
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In the meantime, another section of JT’s agribusiness divi- 
sion is using genetic-engineering techniques to develop new 
strains of plants. 

This section, called the Plant Breeding and Genetics 
Research Laboratory, is already conducting isolated field 
trials on a strain of rice genetically engineered to produce 
less protein. Protein content determines the taste of sake, so 
this bioengineered rice is meant for a high-quality brew. 
“We want to see whether this low-protein rice differs from 
normal rice after a winter in storage,” said senior researcher 
Toshihiko Komari. If the results turn out as hoped, the rice 
will be planted in normal fields next year to collect necessary 
data for eventual commercialization. 


Rice is the main focus of attention in Japan when it comes 
to the genetic manipulation of plants. Both private compa- 
nies and public research institutes are competing to develop 
better rice strains, and commercial products are expected to 
emerge in several years. 

JT’s low-protein rice is at the same stage of development, 
but it is not the direct result of the company’s own research 
efforts. Instead, it is the product of work carried out by the 
Rice Breeding Research Laboratories, in which JT has a 
financial stake. 

Rice Breakthrough 

This does not mean that JT does not have any promising 
techniques of its own, however. In fact, the Plant Breeding 
and Genetics Research Laboratory has won worldwide 
attention thanks to an important breakthrough in genetic 
manipulation. 

The breakthrough, accomplished by a group led by Komari, 
involves the use of agrobacteria to transfer genetic material 
to rice. 

Agrobacteria are the bacteria responsible for plant galls, and 
they colonize a plant by injecting some of their genetic 
material into the plant cells. Scientists have exploited this 
capability to introduce genes of choice into plants. First, 
they engineer the bacteria to carry the desired gene, and 
then they let it infect a plant. 

But while this has proven to be an effective way to geneti- 
cally engineer dicot plants like tomatoes and tobacco, until 
Komari’s success it was very difficult to get agrobacteria to 
send genes into rice, wheat, corn and other monocots. 

In addition to rice, the Plant Breeding and Genetics 
Research Laboratory is also developing new strains of 
potatoes and corn. One promising area involves potatoes 
with only half the normal number of rhromosomes. The 
lab’s goal is to develop potatoes that s.uw greater resistance 
to disease and are zasier to proces’. 

To successfully develop new hyorids with biotechnology, a 
wide range of knowledge and technologies is necessary, from 
genetics research in the lab to experience growing plants in 
the field. For this reason, JT works to utilize the specialties 
of its scientists to the fullest, while at the same time 
encouraging them to maintain a clear overall picture of their 
projects. 
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ae Be Market CMOS -Rased Successor to 
Supercomputer 


95P60076 Tokyo NIKKEI SANGYO SHIMBU?F 

in Japanese 5 Jan 95 p 7 

[FBIS Summary] Fujitsu is preparing to commercialize a 
with a central processing unit (CPU) based on complemen- 
tary metal-oxid< semiconductor (CMOS) technology. 
Fujitsu has already developed the machine and expects to 
begin marketing it this spring. This supercomputer is seen as 
a successor to Fujitsu’s VPP500, which was released in 1992 
and has been selling well to government and public organs, 
but by rapidly introducing a “successor machine,” Fujitsu 
wishes to maintain “leadership” in the supercomputer field. 
The developmental name of Fujitsu’s new supercomputer ts 

the “VPP-C,” which can be configured with up to 16 CPU. 


S 
3 


the new 
eee A price has not yet been 
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Aiming To Resolve Potential Energy Threat 
43070012A Tokyo THE NIKKEI WEEKLY in English 
3 Oct 94 p 2 


[Article by Nobuyuki Oishi, staff writer] 


[FBIS Transcribed Text] An energy shortage threatens to be 
a bottleneck for economic growth in Asia, expected to 
remain the world’s most dynamic economic region in the 
next century. 

The Ministry of International Trade and Industry plans to 
draw an energy blueprint for the area with participation by 
Japan’s Asian neighbors and other members of the Asia- 
Pacific Economic Cooperation forum. 


MITI plans to start work with a ¥ 450 million budget for the 
initia! year, fiscal 1995. The ministry plans to develop an 
energy supply-demand forecast, based data for development 
plans of specific nations or other political entities. 


“Trade liberalization has been discussed as a key issue for 
the Asian economy,” a MITI official said. “The energy issue 
is a much iarger potential problem.” 


For Japan, which depends on the rest of Asia for 15% of its 
oil imporis, 10% of its coal imports and 80% of its natural 
gas imports, an energy shortfall would invite higher prices. 
“We'll have to compete for limited energy with a growing 
number of customiers in this region,” the MITI official said. 


MITI officials see concern among other Asian countries that 
Japan seeks to keep them from growing by imposing a 
conservative energy policy. The officials hope objective data 
will reduce such fears. 


Structural Change Sought 


“We plan to change the structure of energy consumption in 
Asia with several tools,” he said. He said such tools would 
be offered through bilateral meetings and multilateral 
forums, such as APEC. Among the methods: 


+ Energy-saving technology. Japan and China, for 
example, agreed in March to introduce energy-saving 
technology at five Chinese factories, including steel 
and oil-refinery facilities. In the case of crude-steel 
production, China currently uses 1.63 times more 
energy than does Japan. 

¢ Infrastructure improvement. Japan is considering 
help to the Chinese government to improve transpor- 
tation infrasiructure to carry energy produced in 
inland China to the country’s coastal areas which are 
high energy users. 

¢ Development of non-nuclear energy. Japan is consid- 
ering an international project to develop hydroelec- 
tric power stations along rivers in Myanmar. They are 
estimated to have the potential to produce 160 billion 
kilowatts per year and so far only 0.7% of that has 
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been developed. The project would provide electricity 
to Myanmar’s rapidly developing neighbors, 
including Thailand and Maiaysia. 

¢ Development of nuclear energy. So far, Japan has not 
transferred nuclear-energy technology abroad. Gov- 
ernment officials now are considering invol’-ement in 
the early stage of nuclear-energy development else- 
where in Asia. “We are now discussing if Japan 
should play an active role in this area to prevent 
disasters at nuclear-power plants,” a MITi official 
said. 

Overseas Operations Urged 

The Petroleum Council, an advisory body to the MITI 

minister, has urged Japanese oil-refinery manufacturers to 

extend their production and sales beyond the domestic 

market. 


The industry’s large production capacity would reduce 
Asian shortfalls in petroleum products, council members 
expect. 


Ken Koyama, a senior economist at the Institue of Energy 
Economics, said APEC would be a good forum at which to 
discuss Asian energy security and development. Asian 
nations should create a system under which member nations 
can accommodate each other with oil during emergencies, 
such as times of war, he said. Developed nations already 
have such a system. 


Kojima also urged that governments develop oil refinery 
facilities and liquid natural gas facilities on a multinational 
basis to fill in supply gaps. 

According to an International Energy Agency survey, world 
energy demand will increase from 7.8 billica tons of oil in 
1991 to 11.56 billion tons in 2010. The energy demand in 
Asia—Southeast, Southern and Northeast Asia, excluding 
Japan—will rise from 1.2 billion tons in 1991 to 2.8 billion 
tons in 2010. That would put the Asian share of world 
energy demand at 24.7%, up from 15.9%. 

Another IEA estimate is that oi! consumption in China will 
likely increase from | 16 million tons in 1991 to 313 million 
tons in 2010. China’s average annual growth rate in oil 
consumption is 5.4%, compared with the world average of 
1.8%. China turned into a net oil importer late last year. 
Adding to regional supply worries, Indonesia, the largest oil 
producer in Southeast Asia, has continued reducing its 
production. 

As much as 60% of the energy used in Asia comes froin coal, 
a source of major environmental problems in the region. 
According to a survey by Japan’s Science and Technology 
Agency, output of sulfur oxides in Asia, including Japan, 
will rise from 29 million tons in 1987 to 62 million tons in 
2010. China will likely account for 60% of that in 2010, the 
survey found. 
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How energy demand will grow 
Figures represent energy of all types converted into millions of tons of oil 

Kubota, Sanyo Electric Co. To Develop Sanyo Electric (New Materials Research Center) have 


Next-Generation Solar Power Generation System 


94FE0934A Tokyo NIHON KOGYO SHIMBUN 
in Japanese 21 Sep 94 p 1 


{[FBIS Translated Text] Kubota and Sanyo Electric are 
planning to jointly develop a next-generation solar power 
generation system that integrates roofing material with solar 
power cells. The project has been commissioned by NEDO 
(New Energy and Industrial Technology Development 
Organization), an arm of the Ministry of International 
Trade and Industry (MITI), and is scheduled to be com- 
pleted in the spring of 1997. MITI initiated a grant program 
last year to subsidize the development of solar power 
generation systems. What it finds unique about this project 
is that it seeks an inexpensive way to integrate solar power 
cells with roofing material for ordinary households. This 
will be the first time that a major solar power cell company 
and a construction company have joined hands to produce 
an integrated unit such as this. Both companies have shed 
no light on what their plans are after the unit is developed, 
but there is the possibility that cooperation between the two 
companies will not stop here but may evolve into something 
much wider. 


The solar power generation system that the two companies 
are planning to develop combines roofing material with 
solar power cell units to form integrated modules for newly 
constructed homes. According to plans that have been laid 
out, the two companies will develop the basic system in 
1994, conduct field tests with model homes in 1995, do 
production tests in 1996, and complete the project in 1997. 


A total of 14 researchers from Kubota (No. | Construction 
Material Research Division, and Engineering Lab) and 


already started work on the project to develop the integrated 
roofing module for the system. 


The researchers are considering a type of module in which a 
solar power cell is sandwiched between metallic roofing 
material and glass. The system is being designed to with- 
stand wind speeds of more than 50 m/s and rainfall of more 
than 50mm per hour, and to be more water-resistant than 
western-type tile. 


Researchers are studying two different materials for the 
solar power cell—amorphous silicon and polycrystal silicon. 


The average cost of a solar power generation system at 
present is about ¥ 1,310 per watt. The solar power cell unit 
itself accounts for ¥ 635 of that amount, and the frame and 
other peripheral roofing material account for ¥ 675. NEDO 
wants to see that drop to ¥ 260 per watt by the year 2000, 
which means that the cost of the peripheral materials will 
have to drop to ¥ 90, which is why it is now considering an 
integrated module. 


Sanyo and other companies have developed prototypes of 
such integrated roofing module in the past, but this is the 
first time there has been talk of mass production. 


The companies have not yet said what they plan to do after 
the system is developed, but a spokesperson for Kubota says 
that it plans to market the solar power cells mace by Sanyo, 
so it looks as if the cooperation between the two companies 
will continue to deepen in the future. 
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AIST Succeeds in Continuous 30,000-hr Operation 
of 100-kW Class MCFC 


94FE0934B Tokyo DENKI SHIMBUN in Japanese 
13 Sep 94 p 1 


[FBIS Translated Text] On 12 September, the MITI Agency 
of Industrial Science and Technology (AIST) announced 
that it had successfully test-operated a miniature 100-kW 
class molten carbonate fue! cell (MCFC) for 30,000 contin- 
uous hours in a life cycle characteristics test conducted at 
the Osaka Government Industrial Research Institute (GIRI- 
Osaka). The 30,000 hours of continuous operation of the 
fuel cell, which also contained phosphoric acid, was the 
longest in the world. It has been reported that to satisfy 
requirements for commercial use the fuel cell must be able 
to operate continuously for 40,000 hours and the rate of 
depletion must be less than 1% per 1000 hours of operation, 
but in this test, the fuel cell achieved a rate of depletion of 
0.5-0.7% per 1000 hours of operation, which was even better 
than targeted. Despite being a miniature cell, the fact that 
the fuel cell succeeded in operating for 30,000 continuous 
hours with minimum depletion provided proof enough 
toward commercial use of the fuel cell and was also good 
news with respect to the upcoming interim evaluation of the 
MCFC starting on 21 September. 


In order to investigate depletion of the fuel cell for the 
upcoming interim evaluation on the development of the 
MCFC, the Government Industrial Research Institute of 
Osaka has been operating two 100-kW class miniature 
molten carbonate fuel cells since 1991. 


The fuel cell which achieved the 30,000 hours of continuous 
operation was a 16cm x 16cm 30-watt unit. It was put into 
operation on 2 April 1991, and achieved 30,000 hours of 
continuous operation on 12 September at 4:00 PM. The 
previous record for continuous operation had been 20,000 
hours. With the rate of depletion still hovering around 
0.5-0.7% per 1000 hours of operation, the fuel cell continues 
to operate with the eventual goal of attaining 40,000 hours 
of continuous operation. The other fuel cell, a 10cm x 10cm 
30-watt unit, has already achieved 29,000 hours of contin- 
uous operation with very little depletion also. 


The technology for stacking cells together to achieve higher 
storage capacity has also heen one of the aims of this project, 
so this success has helped ease some of the concern over the 
life of the fuel cell. 


In developing the MCFC, it put a 100-kW class stack and 
1000-kW class peripheral unit through operational tests in 
April last year, and a preliminary interim evaluation test in 
October. As a result of those tests, it has decided to go ahead 
with plans to develop a 1000-kW class pilot plant, but will 
conduct additional tests and make improvements on the 
100-kW stack because it has not yet achieved the targeted 
rate of depletion. 


The stack manufacturers, Ishikawajima-Harima Heavy 
Industries (IHI) and Hitachi, which have been operating 
100-kW class stacks in tests, are also working on a new 
miniature stack as part of supplemental research. 
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In additional research, IHI manufactured a 5-kW class stack 
and Hitachi a 25-kW class stack, each of which achieved 
outstanding depletion rates of 0.3% and 0.7%, respectively. 


With the interim evaluation on the development of the 
MCEFC scheduled to begin next week, a final determination 
will be made on the development of a 1000-kW class pilot 
plant. The 30,000 hours of continuous operation achieved 
with the miniature cell should give impetus to further 
research and development. 


Tohoku Electric Power Co., NEDO To Build 
Wind Power Pilot Stations 


94FE0934C Tokyo NIHON KOGYO SHIMBUN 
in Japanese 16 Sep 94 p I 


[FBIS Translated Text] Wind power stations are about to 
become a reality in Japan. The Tohoku Electric Power Co. 
has decided to add five more wind power generators to the 
five that already exist at the Tappi Wind Park in Tappi-ku, 
Aomori Prefecture. The New Energy and Industrial Tech- 
nology Development Organization (NEDO) is also planning 
to build the world’s largest wind power station, a 500-kW 
wind power generator, on an adjoining site to the Tappi 
Wind Park, and will turn over operation of that to Tohoku 
Electric. 


After those units are completed, the total amount of elec- 
trical power generated by wind power generators in Tappi 
will equal 3,375 kW, or about 2.5 times more than what it 
had been. 


The Tappi Wind Park, which is operated by Tohoku Elec- 
tric, went into operation in March 1992, and generates 
power from five 275-kW wind power generators. A variety 
of tests are being done using power generated by the 
generators to determine their commercial applicability, but 
before the park is put into commercial use as a clean energy 
source, another five generators will be built and more 
research will be done on other possible uses. 


The additional wind power generators to be built will be 
300-kW generators and will have longer blades than the 
existing generators. The additional generators will be built 
by Mitsubishi Heavy Industries, which prides itself on being 
the foremost manufacturer of such systems in Japan. Con- 
struction of the new generators, which will cost an estimated 
¥ 1.1 billion, are scheduled to be done in the spring of next 
year and will be put into operation by the fall. After the 
additional generators are completed, the electrical output of 
the Tappi Wind Park will increase to 2,875 kW. 


NEDO, meanwhile, is planning to build a large 500-kW 
wind power generator on an adjoining site to the Tappi 


Wind Park as part of a program to develop a large-scale 
wind power generation system. 


At present, the largest wind power generator in Japan has an 
electrical output of 300 kW. After tests are completed in 
about three years, the new generators will be put into 
commercial use, which, according to officials, will be the 
largest of their kind in the world. With a tower height of 36.5 
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meters and a blade diameter of 38 meters, the new genera- 
tors will have a larger turning radius than the 300-kW wind 
power stations. 


This will give the Tappi region a total wind power output of 
3,375 kW, which will more than cover the electric power 
needs of the estimated 2,500 households in the area. Japan 
has a goal of increasing wind power generation to 15,000 
kW by the year 2010, and this series of plans should bring 
that goal one step closer to completion. 


neo University To Develop High-Temperature 
urbine Reusing Unburned Gas 


oheernm Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 12 Sep 94 p 6 


[FBIS Translated Text] A new high-temperature gas turbine 
is being developed by the High-Temperature Energy Con- 
version Research Center at Nagoya University. The devel- 
opment of the new turbine is part of a 10-year joint research 
project which has been going on since 1992 involving 
researchers from government, industry, and academia, and 
has attracted a lot of interest as one of the key segments of 
research on next-generation power generation systems. 
What is conceptually new about this turbine is that it is 
based on incomplete combustion rather than complete 
combustion. It will be a low-polluting multi-stage power 
generation system in which combustion is treated as a 
chemical phenomenon rather than a heat-generating phe- 
nomenon, and unburned gas is reused as fuel. In conjunc- 
tion with that, Nagoya University has decided to hold its 
first international symposium on high-temperature energy 
conversion systems and related technologies on 4-5 
December of next year. 


US., U.K., and France Involved in Similar Research 


With fossil fuels such as oil and coal shouldering the main 
burden as energy resources, it is essential that companies try 
to achieve better utilization of those resources. Until such 
time that nuclear fusion is perfected, it is likely that we will 
remain dependent on fossil fuels and atomic energy. In order 
to decrease the amount of fossil fuel consumed without 
decreasing the amount of energy produced, it is essential that 
improvements be made in conversion efficiency and very 
important also that companies find ways to get more out of 
those resources which exist in limited quantities. 


Present day gas turbines, which generate power by hot 
combustion gas being sent to a turbine after cooling, operate 
at about 40% thermal efficiency. With that in mind, 
researchers at Nagoya University have been trying to 
develop materials that can withstand temperatures as high 
as 1350°C. It has been reported that thermal efficiency rises 
by 2% for every 100°C improvement in heat resistance, 
which means that at 1500°C, thermal efficiency rises to 
more than 50%. Calculations have also shown that fuel 
savings can be as much as ¥1 trillion with every 1% 
improvement. Those findings have spurred countries suci. 
as Japan, the U.S., France, Germany, and England into 
doing research to develop next-generation gas turbines that 
can operate at 1500°C. 
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The High-Temperature Energy Conversion Research Center at 
Nagoya University was set up in April 1992 as the research base 
to develop such a turbine. It is a research project which is bring 
tackled jointly by researchers from government, industry, and 
academia (including research departments within Nagoya U), 
and focuses on five main areas. These include the development 
of a high-temperature high-compression combustor, develop- 
ment of materials that can withstand high ambient tempera- 
tures, assessment and analysis of those materials, optimization 
of high-temperature energy conversion system, and environ- 
mental-reln*ed technologies. The companies participating in the 
project clude Ishikawajima-Harima Heavy Industries, 
Kawasaki Heavy Industries, Hitachi, Kobe Steel, Chubu Elec- 
tric Power, TYK, Ebara, NGK Insulators, Toho Gas, Chiyoda 
Chemical Engineering and Construction, Nippon Steel, NKK, 
and Nippon Furnace. 


Understanding High-T: Areas Th 
- ates rough 


In basic research conducted at the research center, Dr. 
Yoshio Arai and associates originated a new method of 
combustion. Dr. Arai noticed that formation was possible at 
temperatures higher than 1500°C when rich fuel with a low 
air ratio was used (incomplete combustion), and he also 
discovered that hot areas could be understood through 
flame analysis. The flame that accompanies a chemical 
reaction is referred to as a “chemical flame.” 


The main purpose of the research cenier is the development 
of such technology. An example of incomplete combustion 
can actually be found in the steel manufacturing process. In 
the blast furnace of a steel mill, iron ore is melted and 
reduced by coke combustion, but the exhaust gas produced 
in that process, which is made up mostly of unburned gas, 
can be reused as fuel and is sent to a thermal power piant 
within the steel mills to generate electricity. 


Significant Reduction of NOx 


Dr. Arai says that it is possible to build a circulating-type 
closed system in which the hot gas obtained in incomplete 
combustion is used to drive a first turbine and the unburned 
gas is used for steam power generation, and that the cnergy 
conversion efficiency as a total system would be somewhat 
better than it would be in complete combustion. With 
complete combustion, the higher excess air ratio and higher 
temperatures cause more NOx to be produced, and when 
the temperature drops, the exhaust gas produced in that 
process cannot be recycled. 


The incomplete combustion method, in contrast, enables 
NOx to be controlled due to the small amount of air used in 
combustion, and enables the unburned gas to be reused as 
fuel. Another advantage of this method is that it saves energy 
used to operate the air-supply compressor. The fuels being 
considered include liquefied natural gas and gassified coal 
(methane gas). The project is currently at the stage where 
combustion experiments are being conducted alongside R&D 
on high-temperature materials such as C/C composites. 


It is being treated as an important project at Nagoya 
University and is being supported bv the entire university. 
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IHI Beefs Up Molten Carbonate Fuel Cell R&D 


94FE0934E Tokyo DENKI SHIMBUN in Japanese 
19 Sep 94 p7 


{FBIS Translated Text] The Ishikawajima-Harima Heavy 
Industries Co. (IHI) plans to beef up R&D aimed at putting 
molten carbonate fuel cells (MCFCs) into commercial use. It 
is currently building a 40-kW class pilot plant for technical 
centers in the eastern part of Japan (Tokyo, Toyosu), which 
it hopes to have complete by this year. The MCFC will start 
being tested next spring as part of a total system, and the 


results obtained therein will be i into the devel- 
opment of a 1000-kW class pilot plant by the MCFC 
Association of which IHI is a member. 


IHI has been commissioned by the New Energy and Indus- 
trial Technology Development Organization (NEDO) to 
develop a 129-kW stacked MCFC system consisting of 102 
electrode plates, the largest of its kind in the world, and has 
been achieving good results trying to increase storage 
capacity and improve performance of that system. As a next 
step in that process, it decided that it needed to build a 
full-scale plant including peripheral equipment and try to 
solve all the technical problems associated with a total 
system, and use whatever results it has achieved so far in 
developing the stacked system to build the full-scale plant. 


This plant is a 40-kW class pilot plant and is being built at 
the new MCFC System Laboratory. Everything except for 
the stack and inverter is completed, and it is now con- 
ducting PAC (process and control) tests to verify whether 
static and dynamic characteristics and controllibility of the 
plant satisfy design specifications. When the stack and 
inverter are completed at the end of the year, the company 
plans to start conducting comprehensive operational tests. 


IHI hopes it can improve power generating efficiency and 
make the plant more compact by making the plant pressur- 
ized and having it reform fuel by recycling ceil exhaust gas. it 
is targeting a 40% power generating efficiency as measured by 
generating end and gross calorific value. 


In order to cut cost and extend the life of the cell stack, it 
will adopt a single-layer pressed separator that is more 
corrosion-resistant and durable than the conventional 
multi-layer separator. 


The operational tests will verify performance as a total 
system including operation, control, and monitoring, and 
also the reliability of the equipment in the system including 
the cell stack and reformer. The company also plans to 
develop the technologies needed to link the environmental 
and power supply system used to analyze the amount of 
nitrous oxides (NOx) and sulphur oxides (SOx) emitted. 


The operational tests are set to start next April and are 
scheduled to last one year, or 3000-5000 hours of operation. 
The information gained in building the plant and in tests 
will be used right away by the MCFC Association to develop 
a 1000-kW class pilot plant, which is to design toward the 
latter part of the year. 
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ANRE To Build Test Facility for MOX Fuel 
Processing 


94FE0934F Tokyo NIHON KOGYO SHIMBUN 
in Japanese 9 Sep 94 p I 


[FBIS Translated Text] The MITI Agency of Natural 
Resources and Energy (ANRE) plans to start construction of 
a test facility for an MOX (mixed U-Pu oxide) fuel pro- 
cessing plant being planned for operation after the year 
2000. The MOX fuel processing plant, which will recycle 
plutonium, is the missing link in the nuclear fuel cycle. To 
build the test facility, ANRE has budgeted a total of ¥3 
billion to spend over the next five years starting next year. It 
plans to form a company next spring with the Federation of 
Electric Power Companies (FEPCO) and nuclear fuel man- 
ufacturers, and will subsidize half the operating expenses of 
that company over the next five years, which are estimated 
at ¥ 6 billion. A subcommittee on nuclear energy within the 
Advisory Committee of Energy, an advisory body to the 
Minister of International Trade and Industry, proposed in 
June that an MOX fuel processing plant be built and put 
into operation after the year 2000. A study was done by 
MITI, FEPCO and others to implement that plan, which 
calls for a test facility to be built next year to study the 
effectiveness, safety, and commercialization of such a plant. 


The MOX fuel processing plant will take plutonium which is 
extracted from spent fuel at a spent fuel reprocessing plant 
(now under construction in Rokkasho, Aomori and sched- 
uled to go into operation after the year 2000), and mix that 
with uranium to make MOX fuel for light water reactors. 
The plant will have an annual manufacturing capacity on a 
scale of 100 tons uranium. Rokkasho is the most likely place 
for the test facility. MITI has asked for an additional ¥ 500 
million in next year’s budget, but in the meantime will 
commit a total of ¥3 billion over the next five years to 
create the test facility. 


In the first stage, the plan will be to collect and analyze data 
on existing technologies used in the U.S. and Europe to test 
equipment used to mix, form, and grind MOX pellets. In 
1996, tests will begin on the equipment used to assemble 
fuel assemblies and perform inspections. 


Europe, and France in particular, has a lot of experience 
with MOX fuel. In Japan, the Power Reactor and Nuclear 
Fuel Development Corp. (PNC) does have the technology to 
manufacture MOX fuel, but this will be the first time for it 
to manufacture that fuel for light water reactors. 


ANRE To Research Energy Demand To Establish 
Master Policy 

94FE0934G Tokyo NIHON KOGYO SHIMBUN 

in Japanese 13 Sep 94 p 3 


[FBIS Translated Text] The MITI Agency of Natural 
Resources and Energy (ANRE) plans to draft a long-term 
energy supply-demand forecast for the Asia-Pacific region 
centering on APEC (Asian-Pacific Economic Commission), 
and start work on a master plan of energy policies for the 
APEC member countries. The supply-demand forecast will 
address four major areas, namely, developing a data base on 
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energy, inviting trainees to Japan, sending experts to other 
APEC countries, and building an energy network. As for the 
master plan, its goal will be to develop an action plan. This 
will include preparatory surveys next year and actual sur- 
veys starting in 1996. In conjunction with this, ANRE has 
requested a budget of ¥ 450 million. 


The aim of this project will be to hold discussions with 
APEC member countries on energy-related policies and try 
to determine the most effective means of cooperation based 
on the supply-demand trends of those countries. Specifi- 
cally, it will mean starting work on a first draft of a 
supply-demand forecast, and based on that, begin work on a 
master plan. 


As the supply-demand forecast is being drawn up, the 
agency will compile a data base and do a long-term analysis 
on energy supply and demand between the years 2000-2010. 
A total of some 20-30 researchers are to be invited to Japan 
also to receive special training in this area. With the energy 
network, the agency hopes to link member countries in an 
on-line network containing the latest information on energy, 
and to improve the efficiency of that work. To construct that 
network, it has requested a budget of ¥ 350 million. 


In conjunction with the master plan, the agency plans to 
conduct preparatory surveys in 1995 and start actual sur- 
veys in 1996. This will be implemented as part of ODA 
(Official Development Assistance) work. The agency plans 
to establish an action plan that recommends energy policies 
and cooperation with member countries vis-a-vis those 
energy policies. 


As soon as the action plan starts is drafted, the agency plans 
to push for comprehensive and meaningful cooperation 
concerning energy problems within the area based on the 
long-term supply-demand forecast for the Asia-Pacific 
region. 


Chubu Electric Power Co. To Promote R&D for 
Fuel Cells, CO, Separation, Collection 


94FE0934H Tokyo DENKI SHIMBUN in Japanese 
23 Aug 94 p 1 


[FBIS Translated Text] The Chubu Electric Power Co. has 
just built a new laboratory building at its Electric Power 
Research Institute that will focus on energy and the envi- 
ronmental problems. The laboratory was built in order to 
develop next-generation energy resources and do R&D on 
new technologies that address worldwide environmental 
problems. Chubu Electric will use the laboratory to promote 
R&D on the separation, collection, treatment, and use of 
CO, from exhaust gas generated by fuel cells and thermo- 
electric power plants. 


The laboratory building is a steel-framed, partial two-story 
building having a total floor space of 770 square meters. The 
first floor contains a boiler testing lab, gas cylinder testing 
lab, and compressor lab, while the second floor contains a 
fuel cell testing and analysis lab. A solar cell panel has been 
installed on the roof of the building for the CO, reduction 
experiments. The north side of the building houses a large 
one-story laboratory with an | 1-meter high ceiling. 
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The fuel cell-related equipment includes MCFC (molten 
carbonate fuel cell) and SOFC (solid electrolyte fuel cell) pilot 
plants, both of which are highly efficient power generation 
systems that are expected to play a major role in the future of 
electric power companies. In addition to general R&D on 
MCFC power plants, the pilot plants will also be used to 
perform continuous operation tests on a new stacked-type 
SOFC and to study new materials and construction methods 
for SOFCs. 


In CO,-related research, the laboratory will be used to 
expand research on separating and collecting the CO, 
emitted from thermoelectric power plants and disposing of 
that CO, deep below the ocean where absorptivity is high. It 
will also study the feasibility of converting CO, to useful 
substances by various chemical means. 


Chubu Electric has also built a biotechnology laboratory 
building in order to deal with the expanded scope of 
biotech-related research. That building has a semim- 
icroanalysis lab with assay rooms and stereomicroscopes, an 
instrument lab, and clean room. The building is also 
equipped with two outdoor facilities, a vinyl hothouse and 
experimental greenhouse, which will be used to grow cul- 
tures and conduct outdoor experiments. 


Chubu Electric plans to use this building as a research base 
for the selection and development of microscopic algae and 
plants which have high CO, fixing properties, and as a place 
to do research on algae cultivation (production of arame and 
kijime [seaweeds] seeds used in biotechnology) and the 
protection and growth of regionally scarce plants. 


Hokkaido Electric Power Co. Begins 200-kW 
PAFC Operation 

94FE0934I Tokyo DENKI SHIMBUN in Japanese 
22 Sep 94 p 3 


[FBIS Translated Text] The Hokkaido Electric Power Co. 
announced on 21 September that it had put a 200-kW 
methanol-fueled phosphoric acid fuel cell (PAFC) into oper- 
ation after it had passed inspections. The PAFC, which was 
built at the Takigawa Technical Center (part of Hokkaido 
Electric Employee Training Institute), has already been used 
in wind power and solar power generation systems, and as a 
non-utility plant to demonstrate new energy systems of the 
future. 


The fuel cell, which was put into operation to demonstrate 
long-term reliability (cell life) and to perfect a thermal 
energy technology for cold regions, will also be linked into 
general power distribution lines to supply power to facilities 
within the center, and to provide heating for the entire 
training center and air-conditioning for the fuel cell lab. 


In the future, it will undergo tests to demonstrate system 
maintenance technologies and to check cost. 


The main fuel of the fuel cell, which is liquid natural gas, is 
not imported into Hokkaido, so the company has decided to 
use methanol which is easier to get. Hokkaido Electric has 
been testing a prototype methanol-fueled 100-kW fuel cell 
plant at its Date Power Plant since 1987. 
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The new fuel cell plant which went into operation, which was 
the next stage after the prototype plant, is a compact on-site 
model with automatic operation. It has a power generating 
efficiency around 39%, and an overall operating efficiency 
around 80% when the heat generated by the plant is used 
effectively. The fuel cell power generation system costs about 
¥320 million, and when construction costs are included, 
which includes among other things the exhaust heat recovery 
plant, the cost rises to approximately ¥ 550 million. 


Communications Research Lab Conducts Microwave 
Energy Transmission Technology R&D 

94FE0934J Tokyo ELECTRONICS LIFE in Japanese 
1 Jan 94 pp 121-125 


[Article by M. Fujita, Communications Research Laboratory, 
Ministry of Posts and Communication] 


[FBIS Translated Text] 


Introduction 


The Communications Research Laboratory (Ministry of 
Posts and Communication) has been conducting research on 
a high altitude wireless relay system that can be used for 
monitoring ground, satellite, and new mobile communica- 
tions and radio signals and for various types of observations. 


The high altitude wireless relay system is a system which is 
installed in an unmanned platform in the upper atmosphere 
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at 20 miles above the earth and is made up of relaying and 
monitoring equipment that enable it to engage in commu- 
nication and monitoring. It is expected to play a role in 
providing intermediate communication services covering 
an area 100 km wide. Figure | is an image showing the area 
to be serviced by that system. 


An altitude of 20 km was selected because it has the weakest 
winds and the minimum energy conditions necessary for 
maintaining an unmanned platform. In order to keep an 
unmanned platform in a generally fixed position in the 
upper atmosphere so that it can perform its tasks, it requires 
some kind of propulsion. One of the first ideas that was 
conceived to provide that energy were solar arrays, but there 
was concern about energy during the evening hours. Other 
types of fuel were also considered such as oil, but there was 
a resupply problem. 


The Communications Research Laboratory has started 
doing basic research to eliminate these problems altogether 
by adopting what it calls “microwave energy transmission” 
in which electrical energy is transmitted to the platform in 
the form of microwave energy as illustrated in Figure 2 
showing the high-altitude wireless relay system. 


The idea of using radio waves to transmit energy is nothing 
new, as it has been around since the days of Nikola Tesla. It 
is reported that he conducted wireless energy transmission 
experiments in 1899, but no records of those experiments 





Figure 1. Area Serviced by High Altitude Wireless Relay System 
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Figure 2. Conceptual Drawing of Microwave Energy 
Transmission to Airplane in High Altitude Wireless 
Relay System 





remain. Research on wireless energy transmission was con- 
tinued by several people after that, but it never materialized 
into anything fruitful due to technical impediments. Micro- 
wave technology did make some great strides during the 
second world war, however, when the idea of wireless energy 
transmission became more plausible. 


In 1968, an American scientist named Peter Glazer [pho- 
netic] published an article in Science Magazine on the idea 
of a solar-powered satellite. According to the article, a 
satellite carrying large solar arrays is launched into a geo- 
stationary orbit around the earth, and acts as an energy 
source by transmitting the energy harnessed with the cells to 
the earth by a microwave beam. 


The National Aeronautic and Space Administration (NASA) 
of the United States proposed that this solar power satellite be 
considered as one of the ways to solve the energy crisis, and 
from 1977 to 1981, conducted large-scale theoretical studies 
on this idea, but this research was abandoned by NASA after 
the oil crisis had passed. The large number of reports which 
that research left behind, however, have contributed enor- 
mously to the development of later basic technologies con- 
cerned with microwave energy transmission. 


In 1987, the Communication Research Center of Canada 
successfully flew a model airplane with microwave energy. 
The model airplane was called SHARP (stationary high- 
altitude relay platform), and was part of a project on an 
unmanned aircraft that acts as a high-altitude wireless relay 
system. That project generated strong interest on the effec- 
tiveness of microwave energy transmission. 


a of Rectenna for High Altitude Wireless 
Relay System 


In the R&D being conducted at the Communications 
Research Laboratory on microwave energy transmission for 
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high-altitude wireless relay systems, researchers have set 
their primary focus on the microwave energy receiving 
antenna called “rectenna,” which is considered one of the 
key technologies of the system, and on controlling the 
energy transmission beam. Among the two areas of research, 
we would like to focus our attention here on the rectenna. 
The word rectenna derives its name from rectifying 
antenna, which simply means an antenna that rectifies. 
Research on rectennas was conducted in Japan at one time, 
but there were no aircraft at the timc in which this could be 
mounted. With that in mind, researchers at the lab have 
decided to develop a rectenna for a high-altitude wireless 
relay system based on the following criteria: 


(1) That it have high microwave-DC conversion efficiency 
(2) That it be thin and light-weight and suited to use in an 
airplane 


(3) That it have little unnecessary radiation and no loss to 
radio environment 


(4) That it be able to withstand high altitudes 


As is shown in Figure 3, the rectenna is configured with an 
antenna element, rectifying diode, and filter, and is so 
configured that the desired energy is obtained by arraying a 
number of these elements in parallel. 
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Figure 3. Configuration of Rectenna Elements 





The power output is converted to DC current, so rectenna 
patterns are theoretically the same as the patterns of an 
antenna element. Since the input characteristics of the 
rectifying diode are non-linear, a higher harmonic is pro- 
duced when the microwaves are rectified. 


Communication is not impeded by the fundamental har- 
monic because the frequency of the microwave used for 
energy transmission is normally selected within the ISM 
band used by business and industry, but there is concern 
that communication would be adversely affected by the 
frequency of the higher harmonic outside and at a higher 
level than the ISM band. 


As shown in Figure 3, an input filter has been provided 
between the antenna element and rectifying diode in order 
to prevent a higher harmonic from reradiating from the 
antenna element. An input filter has also been provided 
between the rectifying diode and load in order to prevent a 
higher harmonic signal from flowing into the DC bus line. 
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Improving the input filter characteristics is an effective way 
to prevent reradiation of a higher harmonic, but there is a 
limit to that. 


What researchers have to be cautious about here is the 
half-wave diode resonating in higher harmonic frequencies 
and acting as an antenna. Accordingly, when the half-wave 
diode is used as the antenna element of the rectenna, there 
is concern that a higher harmonic component gotten by the 
input filter will be reradiated. If an antenna element is used 
that does not resonate in higher harmonic frequencies, 
however, the reradiation suppression of the higher har- 
monic can be expcted to be improved. 


Taking those factors into account, what we at the laboratory 
decided to do is use a circular microstrip patch in the 
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high-altitude wireless relay system as the antenna element. 
The reason for this is that the resonance frequency of the 
circular patch will not resonate in higher harmonic frequen- 
cies proportionate to the root of the Bessel function. 


The microstrip patch is preferable also because its planar 
construction makes it easy to place on board the aircraft, 
and because the rectifying diodes are protected from micro- 
wave irradiation because the rectifier can be mounted on 
the back of a ground plate. 


The laboratory has gone one step further and adopied a 
rectifier which uses a negative-phase two-point feed system. 
This is a system in which power is fed to two symmetrically 
located points relative to the center of the patch that enables 
feeders to be used in parallel. 


What this does is to enable the rectifying diodes and other circuit components to be mounted on one side of the board, 
thereby making it easier to manufacture. Figure 4 is a drawing of this rectifier. 
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Figure 4. Rectenna Rectifier Using a Negative-Phase Two-Point Feed System 





The characteristics of the rectenna are largely distributed 
among the characteristics of the rectifying diodes. In micro- 
wave energy transmission, it is essential when trying to 
achieve the highest output possible from a rectenna that a 
diode be selected which has high reverse pressure resistance, 
large energy storage capacity, and loses little energy. 

The lab has discovered, however, that there are almost no 
diodes which have been designed for microwave transmis- 
sion based on micro-energy applications such as communi- 
cation, and that it is virtually impossible to find such diodes 
on the market that satisfy the above conditions. 


That being the case, the lab conducted an experiment in 
which it connected a pair of 5082-2350 GaAs Schottky 
diodes made by Hewlett-Packard, having the optimum 
characteristics as a carrier, in a series and connected four of 
these pairs in parallel to see if the rectification characteris- 
tics could be improved by forming a group of eight diodes. 
It confirmed with this group of diodes that a DC output of 
more than |W per rectifier could be obtained with a 67% 
microwave-DC conversion efficiency. 


Based on these results, it fabricated a small-scale rectenna 
array and conducted a microwave energy transmission 
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experiment inside a non-reflecting radio room, and success- 
fully obtained a DC output of 4W with 61% microwave-DC 
conversion efficiency. Photograph | is an external view of 


the rectenna array, and Photograph 2 (not reproduced) 
shows the setup of the experiment. 


Bs 
- . 


4.7cm 





Photograph 1. External View of Prototype Rectenna 
Array 





MILAX Experiment 


On the morning of 29 August 1992, a free-flight experiment 
featuring a microwave-lifted miniature airplane was suc- 
cessfully conducted at the Oihama Test Course of Nissan 
Motor Co. The experiment went by the name MILAX, short 
for microwave-lifted airplane experiment. 


The MILAX experiment was made possible under the close 
cooperation of a number of companies and organizations, 
among which included Kyoto University ‘High Altitude 
Radio Wave Research Center) which organized the experi- 
ment, Kobe University (transmitter), the Communications 
Research Laboratory (receiver), Fuji Heavy Industries (air- 
plane), Mabuchi Motor Co. (propulsion motor), and Nissan 
Motor Co. (beam tracking system). 


Since this was an experiment which involved integrating 
several pieces of equipment still in the developmental stage, 
a number of meetings were held between the respective 
organizations in charge of the equipment which addressed 
the development of equipment and decisions on the overall 
sysicm in verifying interfaces between the equipment. 


In the beginning, the group discussed the idea of a system in 
which a transmitter is placed on the ground and an aircraft 
circles around overhead, but this did not supply enough 
energy to the aircraft because of the angle formed by the 
turning of the aircraft. Thereupon, as a last resort, the group 
decided to try placing a transmitter aboard a car and 
tracking the exact position of the aircraft by controlling the 
transmission beam electrically as the aircraft is followed by 
the car as shown in Photograph 3 (not reproduced). 


The transmitter used in the MILAX experiment, which was 
made up of 96 FET amplifiers, a subarray of three micros- 
trip antennas connected to the amplifiers, and an active 
phased array made up of 4-bit digital phase shifters, enabled 
a 2.411GHz microwave transmission with 1.3kW power. 
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The active phased array was used in anticipation of future 
applications and is considered to be one step more advanced 
than the parabola antenna used by Canada in the SHARP 
experiment. 

The rectenna used for receiving transmissions was to be 
carried aboard the aircraft and used to supply the energy 
needed to fly the aircraft. In discussions held with the 
aircraft manufacturer over the proposed rectenna, it 
requesied that the rectenna weigh less than a kilogram and 
have an energy output greater than 100W. 


Based on earlier experiments, it was found that it was 
possible to get 1W of output per rectifier, so the group 
decided on a rectenna array with 120 elements. 


After considering possible electromagnetic influences, a 
decision was made to go with the circul:r microstrip patch 
used in the earlier basic experiment as the antenna element. 
Thereupon, in order to satisfy two requirements, namely, 
that the antenna not lose effectiveness and that it be 
light-weight, an antenna was devised that used paper hon- 
eycombs and a 3mm thick thin-type board. 


The antenna elements and feeders were joined together by 
slots provided on the conductor plate to make it easy to 
manufacture. The manufacture of the rectenna was done by 
Toshiba. In Photograph 4 (not reproduced), we show the 
rectenna attached to the airplane and also the transmitter 
mounted atop the roof of a car. 


After the microwave transmission system was completed, 
comprehensive tests were conducted in a non-reflecting 
radio room at the Communications Research Laboratory. In 
the tests, researchers were able to confirm an output of no 
more than 68W, but this seems to be because a car battery 
was used as the power supply during actual experiments, 
supplying a higher voltage to the transmitter than in the 
experiment conducted in the non-reflecting radio room. In 
Photograph 5 (not reproduced), we show the setup for the 
rectenna tests. 


The MILAX flight experiment was conducted on 22-23 
August 1992, at the Nissan Motor Co.’s Oihama Test 
Course. 


The first part of the experiment was an energy transmission 
test in which we substituted a resistor for the propulsion 
motor to simulate a load, and then hoisted the airplane in 
the air with a crane. Results of that test confirmed as 
expected from previous calculations that the rectenna could 
produce a DC output of 88W, which was enough to power 
the airplane. Photograph 6 (not reproduced) was taken while 
that test was being conducted. 


Following that, we replaced the simulated load with a motor 
and sought to determine by experiment using the crane 
whether a propulsive force was actually achievable by 
microwave energy transmission. After that, we conducted a 
free-flight test, but were unsuccessful because the winds 
were too strong. The following week (29 August) we 
attempted the free-flight experiment again, and this time 
succeeded in getting the aforementioned miniature airplane 
to fly with only the energy transmitted by microwaves. 
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In a further step to develop the microwave transmission 
technology cultivated with the MILAX experiment, a micro- 
wave energy transmission experiment known as METS was 
conducted in space on 2 February 1993. 


The experiment was conducted using the $520-16 observa- 
tion rocket of the Institute of Space and Aeronautical Science, 
and taking part in the experiment was Kyoto 


Sedo ax Gee ee eee 
observation rocket by computer-controlled antenna beam 
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was received exactly as calculated using a miniature rocket, 
and was the first time that the transmission of microwave 
energy had ever been successfully confirmed in space. 


Conclusion 


These results are still at a fairly rudimentary level, but they 
are nonetheless essential to achieving a high altitude wire- 
less relay system and solar power satellite system. Since 
there are no basic technologies upon which to build, it is 
important that the laboratory set its sights on the future and 
take things one step at a time. 
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EA Prepares Draft of Technological Guidelines for 
Acid Rain Observation for East Asian Countries 
95FE0207A Tokyo NIHON KEIZAI SHIMBUN 

in Japanese 23 Jan 95 p 19 


[FBIS Translated Text] The Environment Agency has pre- 
pared a draft of technological guidelines meant to serve as 
criteria for monitoring and surveying acid rain in East Asian 
countries. The draft summarizes survey and analysis 
methods as well as guidelines for selecting observation sites, 
in order to monitor acid rain from three fields of study: 
precipitation, bodies of water such as lakes and marshes, 
and soil and vegetation. The Environment Agency is advo- 
cating the creation of an acid rain observation network in 10 
East Asian countries where the acid rain problem has 
become acute. However, observation and survey methods 
for acid rain differ from country to country, and the creation 
of uniform international guidelines will be the key to 
establishing an acid rain observation network. 


The Agency will submit a final draft on guidelines at the 
“East Asian Acid Rain Monitoring Network Meeting” to be 
held in March at the earliest; there the Agency will obtain 
the consent of East Asian countries such as China, Russia 
and Thailand. If the guidelines are adopted, each country 
will make efforts to set up a system along those guidelines 
for monitoring and surveying acid rain, so that an East 
Asian acid rain observation network can be created in 1996. 


The draft summarizes methods for selecting survey sites for 
three areas of study: precipitation, lakes, and soil and 
vegetation. The draft prescribes methods for selecting pre- 
cipitation survey sites in four types of ecosystems: cities, 
rural districts, remote areas, and nature parks, as well as 
precipitation data collection and analysis methods. A given 
number of lakes will be chosen and water quality and 
plankton will be surveyed four times a year. In order to 
determine the effect of acid rain on soil and vegetation, the 
draft includes ways to select indicator soils and plants and to 
set up survey sites, as well as survey and analysis methods. 


Sulfur oxides (SO,) are the cause of acid rain; approximately 
100 million tons are emitted every year, while 60 million 
tons of nitrogen oxides (NO,) are emitted in a year. One- 
third of these emissions come from East Asia, and the 
quantity released is rapidly increasing. If environmental 
policies are not implemented in Asia, SO, emissions are 
expected to increase to 1.5 times the 1993 level by 2000, and 
to twice the 1993 level by 2010. 


a ng my pe wen Teo Develop Practical 
-Temperature Catalytic 

Decompetllien of CFCs 

43070024A JAPAN CHEMICAL WEEK in English 

5 Jan 95 pp 5, 8 


[FBIS Transcribed Text] Research Development Corporation 
of Japan has recently announced that it will commission 


Komatsu Lid. with development of practical technology for 
low-temperature catalytic decomposition of CFCs. 
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mixture of a CFC with alcohol and ether through the column 
at a temperature of 300°C and under atmospheric pressure to 
decompose it into nonpolluting and usable substances such as 
halogenated alkyls. 


Scaling of Tip Vortex Cavitation Noise of Propeller 
43070014A Tokyo MITSUBISHI HEAVY 
INDUSTRIES TECHNICAL REVIEW in English 

Vol 31 No 3, Oct 94 pp 115-118 

[Article by Akira Oshima, Nagasaki Research and Develop- 
ment Center, Technical Headquarters, Mitsubishi Heavy 
Industries, Ltd.] 

(FBIS Transcribed Text] Scaling of propeller cavitation noise 
between model and full scale is an important factor to predict 
full-scale propeller noise. The scaling method of noise radiated 
from cavitation occurring on propeller blade is well established. 
On the other hand, that is not clear on noise radiated from tip 
vortex cavitation. In order to understand scaling f tip vortex 
cavitation noise, cavitation patterns and noise characteristics 
of a propeller were investigated by model and full-scale mea- 
surements. It was found that predicted noise levels from model 
tests using scaling formulas of cavitation noise agreed well with 
full-scale measurements in the case where vortex cavitation 
patterns in model and full scale were similar and cavitation 
number may vary at Reynolds number to the 0.15 power to 
keep similarity of pattern of vortex cavitation. 


1. Introduction 


Propeller cavitation is known as one of major noise sources of 
ships. In the case of oceanographic research ships which have 


cavitation noise is important in the designing of a low noise 
propeller. Usually, the propeller cavitation noise in full scale 
is predicted by transformation of model noise measured in a 
cavitation tunnel to full scale. In this method, it is necessary 
to know the scaling of cavitation noise. 

Propeller cavitation is divided into two types. One is 


type, it is considered that the scaling of propeller cavitation 
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Figure 1. Propeller Tip Vortex Cavitation 





2. Scaling of Propeller Cavitation Noise 
2.1 Scaling of Cavitation Noise 


Since it is considered that cavitation consists of many 
cavitation bubbles and noise is emitted from growth and 
collapse of such bubbles, the scaling formulas, which are 
based on the theory of radial motion of an inviscid 
and incompressible fluid outside a spherical cavity, are 
introduced as follows?: 


aa bo |" (1) 


alert ° 


f: frequency 

G: power spectrum 

R: radius of bubble 

AP: = P°P” 

P°: static pressure around a bubble 
P’: vapor pressure of water 
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p: density of water 

y. distance from source point to field point index 

m: model scale 

s: full scale 

If cavitation is geometrically similar both in model and full 
scale, the scaling formulas of propeller cavitation noise are 
expressed as follows: 


4. {ce} e) 
aclcicl) 


N: rate of revolutions of propeller shaft 
D: propeller diameter 
o*: cavitation number = AP/{1/2(pN*D")} 


2.2 Scale Effects on Cavitation 

Propeller cavitation is divided into two types i.e. sheet or 
bubble cavitation attached to propeller blade surface and tip 
vortex cavitation occurring at a distance from propeller 
blade. For the former type, cavitation is geometrically 
similar between in model and full scale at equal cavitation 
number. For well developed cavitation, this assumption 
ee re ne 


(5) 











G, {y.)’{ 2,)\*(%,)’ 
G, Y, D, N, 
On the other hand, it is known that the inception of tip 
vortex cavitation is affected by viscosity.‘ The incipient 
pase imagens gy = by Bi p= ny my 
appearance of cavitation have relation to Reynolds number 
Re which appears of the effect of viscosity as shown in 

Equation (7). 
6, to Re“, Re= CUN (7) 
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where, 3.2 Model Tests 

C: reference length Model tests were carried out in the cavitation tunnel at MHI 
; Nagasaki Experimental Tank. The test arrangement is shown in 

U: reference velocity Figure 2. Cavitation patterns were observed with a stroboscope 

y- ki ——— and recorded on photographs. Radiated noise was measured 


The value of k im Equation (7) is 0.35 in the case of the 
experiments of hydrofoils.’ The Reynolds number in full 
scale is usually larger than that in model tests, so the incipient 
cavitation number of tip vortex cavitation in full scale is also 
larger than that in model scale according to Equation (7). This 
fact indicates that tip vortex cavitation is not always similar 
at equal cavitation number. Therefore it may be necessary 
that the cavitation number in model test is different from that 
in full scale in order to keep ical similarity of tip 
vortex cavitation between in model and full scale. Then 
Equations (3) and (4) should be used to predict full-scale 
noise for the case of tip vortex cavitation, since these equa- 
tions include cavitation number as a parameter. 


3. Medel and Full-Scale Measurements 


In order to know the scaling of tip vortex cavitation noise of 
propeller, it is necessary to study the case that only the tip 
vortex cavitation occurs. In this study, such propeller and 
operating conditions were selected to investigate cavitation 
patterns and noise characteristics. 


3.1 Principal Particulars of Ship and Propeller 


The principal particulars of the ship are shown in Table !. 
Since the main engine of the ship is operated at constant 
shaft speed, two controllable pitch propellers were installed. 
The ship uses acoustic instruments at the cruising speed and 
the propeller was required to reduce underwater noise at the 
cruising speed. Therefore much care was taken to reduce the 
and geometry of the propeller are shown in Table 2. 





Table 1. Principal Particulars of Ship 
Length (PP) 90.0 m 
Breadth (MLD) 16.2 m 
Depth (MLD) 8.9m 
Draught 6.0 m 
Cruising speed 16.0 kn 
Main engsne output 3,800 PS x 2 





























Table 2. Principal Particulars of Propeller 
Diameter Ship 3.7m 
Mode! 0.25 m 
Pitch ratio at 0.7 R 1.295 
Expanded area ratio 1.295 
Boss ratio 
Skew angie 92 
Number of blades * 
































using a hydrophone set in the cavitation tunnel. Output signals 
from the hydrophone were analyzed by an FFT analyzer. 



























































S 2 


Figure 2. Test Arrangement in Cavitation Tunnel. Test 
arrangement and block diagram for cavitation observation 
and noise meassrement in cavitation tenne! are shown. 








The operating conditions of the propeller were defined by 
pitch ratio p, thrust coefficient K;/=T/(pN2D2), T: thrust of 
propeller] and cavitation number o,. Test conditions are 
shown in Table 3. 





Table 3. Test Condition 

0.614 0.871 

0.038 0.072 
2.0-3.56 





0.952 
0.083 


Pitch ratio p 
Thrust coefficient K7 
Cavitation number op 




















No cavitation appeared on the blade surface of the propeller 
and only the tip vortex cavitation was observed on the face 
side of the propeller where the pitch ratio was reduced from 
characteristics of the propeller were investigated changing 
cavitation number widely, expecting to know cavitation 
number in model tests at similar patterns of vortex cavitation 
in full scale. The patterns of tip vortex cavitation observed in 
model tests are shown in Figure 3. With decreasing cavitation 
number, the length and the diameter of the tip vortex 
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Corctte@es wrt 6. 2.00 


Figure 3. Tip Vertex Cavitation Patterns Observed in Model Tests. Tip vortex cavitation patterns at various cavitation 
Bembers in mode tests are compered. 

















3.3 Full Scale Measurements 


The test arrangement in full scale measurements is shown in Figure 4. Observation windows were set above the propeller. The 
stroboscope was flushed synchronized with propeller revolution. The cavitation pattern at the moment was stored in a video 
memory and recorded by a video tape recorder. Radiated noise was measured using hydrophone sets, which were mounted on 
the hull plate above the propeiler. The signals received by the hydrophone were recorded and analyzed by an FFT analyzer. Since 
this ship has two propellers, the noise measurements were made for the port side and starboard side propeller respectively. 












































Figure 4. Test Arrangement in Full-scale Measurements. Test arrangement and bieck diagram fer cavitation observation 
und matse measerement in fall scale are shown. 
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The pattern of tip vortex cavitation observed in full scale is : 
shown in Figure 5. Like in model tests, no cavitation Pel eae | ~~ 
appeared on the blade of the propeller and only the tip gl eamten o<d Gutens 
vortex cavitation was observed on the face side of the é 
propeller. 5 
Cavitation number Os = 3.56 ‘| gf Nena 
i 4 
rope Coes iy 
| | 
™ Froqummcy (Ha) 
(0) Pich retie p 0.614 
=| Full ecole > | 
g Estinetin <j 
é} 
Tip vorte cavitation BL 
occurred on face side sis 
“io 
Figure 5. Tip Vortex Cavitation Observed in Full-scale i| 
Measurements. Tip vortex cavitation pattern observed in 
full scale measurement is shown. } 
4. Consideration = | or . | | 
From the comparison between Figure 3 and Figure 5, it was earth nto p= 0871 
found that cavitation patterns in full scale were similar to 
those in model scale when cavitation number in the model Z —O— Pert 
test was between 2.25 and 2.5 while cavitation number in er rte | Ore 
full scale was 3.56. Further, cavitation patterns in model é Esimeten ont 
scale at 6, = 2.25 were much similar to those in full scale af 
than at co, = 2.5, so the noise data measured o,, = 2.25 were 2 
used to compare with those measured in full scale. The noise gis 
levels estimated from the model tests using Equations (3) =i 
and (4), are compared with the full scale measurements. il 
Since the cavitation noise is dominant in the frequency 
range above | kHz, the noise levels in that frequency range il 
at different pitch ratios are compared in Figure 6. The 
estimated noise levels are nearly equal to those of the { 
full-scale measurements. a ararararararararer ne 
Cavitation numbers are plotted versus Reynolds numbers Frompenrcy br 
defined by using the chord length and the rotational speed at (c) Puch rate p° 0.952 





0.9 R (R = D/2) in Figure 7. Assuming that the relation of 
Equation (7) is kept, the relationship between cavitation Figure 6. Compartoon Between Full-ecale [Measurements 
number and Reynolds number is expressed as follows: = 
compared to estimated noise measured in model test at 
G6, = 2.25. They show good agreements. 





7 
ou | & 
Oo. | Re. (8) Because of the shortage of this kind of data, it is not certain 
to use generally the value of k as 0.15, which is found in the 
The value of k in Equation (8) corresponds to 0.15. It is _ present study. Rather it can be considered that the value of . 
small as compared with the case of the inception of tip k is varied according to cavitation number in full scale, i.e., 
vortex cavitation. 
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Figure 7. Relation Between Cavitation Number and Rey- 
nolds Number. Cavitation numbers, at which cavitation 
patterns in mode tests are similar to those in full scale, 

are plotted versus Reynolds numbers. 





k becomes 0.35 for high cavitation number near the incep- 
tion and k becomes smaller for low cavitation number. 
Further study a.d collection of data at various cavitation 
numbers both in model and full scale are necessary. 


5. Conclusions 


In order to know the scaling of tip vortex cavitation noise, 
cavitation patterns and noise characteristics of a propeller 
were investigated by model tests and full scale measure- 
ments. From the comparisons of full-scale measurements 
with model tests, it was found that the full-scale noise can be 
predicted from the model noise using the scaling formulas of 
Cavitation noise in the case that the tip vortex is similar both 
in model and full scale. Also, it was found that cavitation 
number varies at Reynolds number to the k power to keep 
the similarity of pattern of tip vortex cavitation and the 
value of k is 0.15. Though it is not certain to adopt the 
relationship found in the present study as a general one, the 
present result gives a guide for the determination of cavita- 
tion number in model scale and the development of a low 
noise propeller. 
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Development of Advanced High Performance 
Blades and Their Operating Experience 


43070014B Tokyo MITSUBISHI HEAVY INDUSTRIES 
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[Article by Toshio Sugitani, Turbine Engineering Depart- 
ment, Power Systems Headquarters; Etichiro Watanabe, 
Takasago Machinery Works; Hikaru Tashiro and Toshihiro 
Miyawaki, Takasago Research and Development Center, 
Technical Headquarters; and Chikamune Masuzawa, 
Nagasaki Research and Development Center, Technical 
Headquarters] 


[FBIS Transcribed Text] Jn order to meet energy saving 
requirements, especially accelerated by recent environmental 
problems such as CO, emissions, Mitsubishi Heavy Indus- 
tries, Ltd. has continued to make great efforts to improve 
turbine efficiency by applying the latest aerodynamic tech- 
nologies including fully three-dimensional flow analysis. 
These technologies have been applied to design advanced 
high performance blades for HP, IP and LP turbines, and 
these have been verified and established through verification 
tests and field Performance tests. The present paper intro- 
on these latest design technologies and verification test 
results. 


1. Introduction 


Today, there is a strong demand for further energy saving in 
the world from the perspective of global environmental 
protection against CO,. In order to meet this demand, 
Mitsubishi Heavy Industries, Ltd. (MHI) has been making 
great efforts to enhance turbine plant efficiency to date. 
Measures that have been applied to enhance turbine plant 
efficiency up until now can be roughly classified into two 
major areas: improving thermal cycles and enhancing blade 
efficiency. One of the improvements in thermal cycles is the 
application of high temperature steam conditions, and a 
large capacity turbine produced by this company which 
utilizes a steam temperature of 593°C has already been put 
into service operation. For the enhancement of blade per- 
formance, MHI has been actively engaged in aerodynamic 
analysis design and verification, and has been contributing 
greatly to the enhancement of the performance of newly 
installed turbines and improvements in the performance of 
existing units through the replacement of their blades. Fully 
three-dimensional flow analysis blades have been developed 
for the purpose of further enhancing the efficiency of 
conventional blades with improved performance taking 
advantage of high efficiency blade development technolo- 
gies. These technologies have been accumulated in MHI 
with dramatic advancement in numerical aerodynamic 
analysis technology accompanying a considerable increase 
in computer capacity in recent years as a background. These 
blades have been employed in newly installed turbines and 
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existing units requiring blade replacements after verification 
tests. It has been confirmed that these blades exhibit their 
high performance on actual turbines as initially predicted. 


This paper reports on the application of high performance 
blade design technologies to reaction blades for high and 
intermediate pressure, turbines and for upstream stages of 
low pressure turbines as well as to LP end blades for low 
pressure turbines, verification test results and service results 
on actual units. 


2. Fully Three-Dimensional Flow Analysis Blades 


2.1 Design 


Reaction blades employed in steam turbines made by MHI 
include conventional blades that were developed in the 
1960s and controlled reaction blades that were developed 
during the latter half of the 1970s in compliance with 
demands for higher economy and greater energy savings for 
generating plants during the time of an oil crisis. Though 
these controlled reaction blades are still proud of their 
present efficiency at the highest levels in the world, MHI has 
developed fully three-dimensional flow analysis blades that 
have efficiencies which are higher than the above blades. 


The controlled reaction blade was designed on the basis of 
conventional quasi three-dimensional flow analysis. Its flow 
was controlled by the effects of the sinuosity and gradient of 
streamlines on the meridian surface that were found by the 
analysis of a flow field using an axisymmetric model. In the 
design based on the fully three-dimensional flow analysis, 
the flow pattern can be optimized by using a force acting on 
fluids from the blade, since the flow on the meridian surface 
and that between blades can be analyzed together in a 
combined lump. 


Figure | compares the distribution of blade loss in the 
height wise (span-wise) direction for the lean type cascade, 
in which blades are fitted to the walls at an inclined angle, 
with that for the straight type cascade. These results were 
obtained through cascade tests that were performed to 
examine the effect of three-dimensional flow. It can be seen 
from this figure that secondary flow loss decreases on the 
left end wall where flow is pressed against the wall while, on 
the other hand, it increases on the opposite end wall. In 
order to obtain a “lean” effect on both end walls at the base 
and tip of a turbine blade which is the same as that on the 
left end wall, bowed (compound lean type) three- 
dimensional blades, whose profiles are stacked like a bow 
along the height wise direction, have been employed. 


The bowed blade can decrease its blade load near the wall 
surface, since flow is pressed against the end wall through 
the force caused by the inclination of its profile, and it can 
decrease secondary flow loss through the effect of its 
decreased blade load. Based on these results, the bow shape 
and profile shape of the blade have been optimized, and a 
new high efficiency fully three-dimensional flow analysis 
blade has been designed by taking advantage of fully three- 
dimensional flow analysis technology. 


Figure 2(a) compares the profile of the new blade with those 
of conventional and controlled reaction blades. Figure 2(b) 


ENVIRONMENT 25 


























0 3 “joo 
jLett eno wat Right ond wall 





Figure 1. Blade Loss Distribution of Lean Blades. A 
lean has been given to each side (tip and base parts), 
since loss on the side with a lean is considerably 
reduced and, conversely, that on the opposite side is 
increased. 





compares the surface velocity distribution of conventional, 
controlled reaction, and fully three-dimensional design 
blades. As can be seen from these figures, the fully three- 
dimensional design blade decreases its blade loads on the tip 
and base sides, while also decreasing its secondary flow loss. 


2.2 Verification Tests 


In order to verify the performance of the fully three- 
dimensional design blade, performance verification tests 
were conducted using an air model turbine, and improve- 
ments in performance were verified. The model turbine 
consists of a half scale model of an actual turbine and 
consists of three stages. Air is supplied by a centrifugal 
compressor. Its rotational speed is controlled with a 
hydraulic dynamometer and its output is measured with a 
torque meter. Figure 3(a) shows a picture of the model 
turbine. Figures 3(b) and 3(c) show measured results of 
overall performance (internal efficiency) and flow patterns 
(energy coefficient distribution) through Pitot traverse tests 
for blades of each generation. Thus, it has been verified that 
the internal efficiency of the fully three-dimensional design 
blade has been further improved compared with that of the 
controlled reaction blade as had been planned at the outset. 


As far as the energy coefficient distribution is concerned, it 
can be seen from these figures that the energy coefficients of 
the controlled reaction blade have been considerably 
improved in the domain between the base and mean sec- 
tions of the moving blade compared with those of the 
conventional blade thanks to the application of a twisted 
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Figure 2. Comparison of High Performance Blades as Well as Their Surface Velocity Distribution. This figure shows 
the appearance and surface velocity distribution of conventional, controlled reaction, and fully three-dimensional 
design blades. 
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Figure 3. Air Model Turtins and bas Tost Reunite. This Mure chows internal elllloncy ond energy couiclont values 
measured on the air-model test turbine. 





stationary blade. It can also be seen that the energy coeffi- 
cients of the moving and stationary blades have been further 
improved in the case of the fully three-dimensional design 
blade. From the above mentioned test results, it was verified 
that the performance of the fully three-dimensional design 
blade has been improved as predicted during the design stage. 


3. Three-Dimensional Design Blades for 
Low Presmue Turbines —_ 


3.1 Design 


Since the output of the LP end blades (long blades) for use 
in low pressure turbines is relatively great, their efficiency 
greatly influences the overall efficiency of the turbines. 
Mitsubishi Heavy Industries has been actively engaged in 
improving the performance of the LP end blades through 


The reaction degree distribution of the new LP end blades is 
controlled by twisting the blade in the same fashion as in the 


every kind from 23-inch to 44-inch in length have already 
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(a) Advanced series blade  (b) Fully three dir-ensional design blede 


Figure 4. Stationary End Blades. The advanced-series biade is straight in the height wise direction, while the newly 
developed fully three-dimensional design blade is bent in an arc shape to control flow. 














The optimization of the flow field of the LP end blades is important not only for improving turbine performance, but also 
for reducing excitation force. In the design of the flow field, the flow of a multistage cascade including the exhaust diffuser 
has been analyzed, and reaction degree distribution, flow rate distribution and flow angles as design parameters have been 
optimized. 


The LP end blades work in a wide range from transonic speed to supersonic speed. Blade suction side configuration is very 
important in the profile design in the transonic and supersonic ranges. It influences boundary layer thickness on the blade 
surface and strength of shock waves, and determines the magnitude of blade loss. This blade loss can be predicted by viscous 
flow analysis thanks to the advances in computational fluid dynamics (CFD) in recent years. Figure 5 shows an example of 
such analysis. Blade profiles have been optimized by making good use of these analysis technologies during the design stage. 





Figure 5. Blade-to-Blade Mach Number Distribution. The state of shock waves at the tip sections of the moving last 
blades working at supersonic speed can be found from predictions of Mach number distribution. 





3.2 Low-Pressure Model Turbine Tests 


Integrated verification tests for these new LP end blades were 
conducted by operating a full-scale or a similar model turbine 
under actual steam loading conditions, and their overall 
performance and reliability were verified. Such a model 
turbine test under actual steam loading conditions is the most 
efficient and reliable method of verification. The geometrical 
shapes of the blades, rotor, casing and others elements of the 
model turbine are identical or similar to those of the actual 


turbine. The flow rate of the steam supplied from the boiler in 
the factory is a maximum of 180 ton/h and is enough for tests 
under actual steam loading conditions. 


Efficiency tests and internal flow tests were conducted in 
order to grasp quantitative improvements in the perfor- 
mance of the new LP end blades reliably. For the former 
test, turbine output and steam conditions at the inlet and 
Outlet points of the turbine were measured, while Pitot 
traverse measurements were taken for the latter test. 
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Figure 6 shows the model turbine and test results obtained. It was verified that the efficiency of the fully three-dimensional 
design LP end blades is better than that predicted at the outset. 
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Figure 6. Model Turbine and Test Results. Model-turbime tests verified that the efficiency of the fully three-dimensional 
design LP end biades is considerably improved over that of advanced-series LP end blades. 





4. Application to Actual Turbines 


The fully three-dimensional flow analysis reaction blades 
and LP end blades have been designed so that they can be 
applied to not only turbines that are to be newly installed 
but also to existing units requiring blade replacements. They 
have already been employed in actual turbines and rmprove- 
ments in their performance have been verified. 


In order to verify improvements in performance quantita- 
tively, performance tests were conducted on an existing 
turbine in which the blades of only the low pressure turbine 
were replaced with fully three-dimensional flow analysis 
blades. Performance characteristics were measured before 
and after the replacement of the blades, and improvements 
in performance predicted at the outset were verified as 
shown in Figure 7. 


These fully three-dimensional blades have been employed in 
a newly installed 700 MW unit and performance tests 
carried out. As a result, it was confirmed that thermal 
efficiency of the turbine attained values as high as 47.8% 
compared with a predicted value of 47.4%. 


5. Conclusion 


High-efficiency new type blades have been developed taking 
advantage of the latest aerodynamic design technology and 
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Figure 7. improvement in Performance of Existing 
Units Before and After Employing Fully Three-Dimen- 
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The authors intend to make continued efforts to realize 
further improvements in the efficiency of steam turbines in 
the future. 
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Development of CO, Compressor for Fertilizer Plant 
43070014C Tokyo MITSUBISHI HEAVY INDUSTRIES 
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pp 135-139 


[Article by Yasuhiro Kawashima and Akitami Kaneko, 
Hiroshima Machinery Works; Nobuyuki Nojima and Hiroshi 
Kanki, Takasago Research and Development Center, Tech- 
nical Headquarters; and Shigeki Morii, Hiroshima Research 
and Development Center, Technical Headquarters] 

[FBIS Transcribed Text] This paper describes the develop- 
ment of new CO, compressor for a fertilizer plant, features of 
which are high efficiency and compactness as well as high 
reliability. Since compressed gas ai the final stage of a CO, 
compressor has high density, various compressor behaviours 
including rotating stall, impeller vibration, rotor stability, 
aud teal tan cual bo ity Gham tuto exnstiination In order 
to fully understand and to solve these subjects, various 
analytical and experimental studies have been carried out, 
and a state-of-the-art compressor was developed. Full load 
and full pressure performance tests have been performed, and 
satisfactory results have been obtained. 


1. Introduction 

Because of the high pressure ratio, the CO, compressor train 
for a fertilizer plant is composed of two units: a low-pressure 
compressor and a high-pressure compressor. 

The low-pressure compressor has a discharge pressure of 


about 45 kgf/cm7abs, the compression range being the same 
as in compressors for normal process application. However, 


the following technical problems must be solved. 


(1) Since the gas state in the final section is in the proximity 
of its critical point, the evaluation of gas properties in this 
zone is considered to be difficult for the accurate evaluation 
of gas properties in this zone. 

(2) The absolute value of pressure fluctuation becomes large 
when the rotating stall occurs because of the high pressure 
and high density of the gas, causing the impeller likely to be 
damaged when resonating at its natural frequency. Hence, it 
is important to predict the intensity as well as the onset 
point of the rotating stall, and to carry out tuning of the 
impeller’s natural frequency. 

(3) Because of the high density of the gas, the gas exciting 
force generated in the impeller and labyrinth is larger than 
in compressors for other process application, and is likely to 
cause unstable shaft vibration. 

(4) When a labyrinth seal is adopted, the internal leakage 
loss is large at high pressure, and depending on the selection 
of the sealing pressure and temperature, there is a case that 
ice is formed owing to the expansion of gas when it passes 
through the sealing section. 

Mitsubishi Heavy Industries, Ltd. (MHI) has solved these 
technical problems, has manufactured a test machine for 
high-pressure compressors and has successfully developed a 
highly efficient and highly reliable CO, compressor for 
fertilizer plants. The outline of test results as well as the 
technical studies made during the process of development, 
are described as follows : 


2. Specifications and Features of the Compressor 


2.1 Specifications of the Compressor 

The specifications are for the CO, compressor for a 1100 
metric tons per day fertilizer plant with a comparatively 
high discharge pressure as shown in Table 1. 





Table 1. Compressor Specification 


























Item Unit Vabee 
Suction flow rate m2/h 12,700 
Suction pressure kgf/cm7abs 1.83 
Suction temperature °C 38 
Discharge pressure kgficm2abs 186 
Maximum continuous speed rpm 13,490 
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Figure 1. Cross Section of Compressor Train. An extraction condensing steam turbine is installed in the center, a 
low-pressure compressor at the left and a high-pressure compressor at the right. 





compressor equipped with a horizontal split type casing 
(combined type) and a high-pressure compressor equipped 
with a vertical split type casing (back to back type), with the 
double shaft extended extraction condensing steam turbine, 
produced by MHI, installed in the center. The compressor 
has the following features. 

(1) High Efficiency 

The efficiency of the newly developed compressor is com- 
pared with the efficiency of a conventional compressor used 
for a 1100 metric tons per day plant in Table 2. The 














Table 2. Merit of New Compressor 
Soba poses of menpresne Panwer cedne thos 
New compressor Conventional compressor 
made by another company 
4391 kW 4644 kW 253 kW (6%) 











(2) Small and Compact 

Instead of the speed increasing gear unit adopted for the 
high pressure compressor in conventional compressors, the 
developed compressor uses a high specific speed 
impeller for the low pressure compressor to increase the 
speed, leading to a deletion of speed increasing gear for high 
pressure compressor and compactness of the equipment. 
3. Design of the Compressor 

3.1 Physical Properties of CO, Gas 

It is extremely important to estimate accurately the physical 
properties of the gas handled as well as the impeller perfor- 
mance when selecting the compressor for given specifica- 
tions. In particular in the case of a CO, compressor for a 


fertilizer plant, the change in the gas condition is great as 
shown in Figure 2, and the pressure rise is observed to be in 
the proximity of the critical point where it is difficult to 
correctly estimate the physical properties of the gas. Thus, at 
worst, mismatching between impellers occurs, and the 
required performance would not be satisfactory. 























Figure 2. Change of Press, and Temperature for CO,. 
Changes of gas state 2t pressure rise is shown on Mollier 
chart. 





Hence, data regarding the physical properties of several 
gases were compared and studied thoroughly, and the per- 
formance was predicted using the IUPAC (International 
Union of Pure and Applied Chemistry) Gas Table which is 
considered to have a high accuracy of the physical proper- 
ties of gases even in the proximity of the critical point. 
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3.2 Rotating Stall of Impeller 

As the suction flow rate is gradually decreased, the gas inlet 
angle from impeller to the diffuser (the angle from tangen- 
tial direction) becomes small, leading to a local reverse flow 
and causing rotating stall. In particular, in the case of the 
high pressure, high density gas in a CO, compressor, the 
rotating stall brings about strong pressure fluctuation when 
it occurs, causing the shaft vibration to increase to an extent 
which results in the failure of operation. In worst case, the 
impeller is likely to resonate and be damaged. 

Hence, it is important to keep the rotating stall onset point 
out of the operating range, and the rotating stall onset point 
has been designed to be more than 10% away from the 
minimum flow operating point toward the low flow side by 
reducing the diffuser width and enlarging the gas inlet angle. 


3.3 Impeller 

Since the gas becomes high density at the final discharge 
section with its specific gravity being one-third that of 
water, it is necessary to take into account the effect of inertia 
and damping effect of the fluid just the same as pump 
impeller design or water turbine rummer design to avoid 
large errors in estimating the natural frequency, etc. Hence, 
it is important to determine the impeller structural dimen- 
sions by evaluating the vibration characteristics taking due 
account of the CO, gas density, the stiffness of stationary 
components such as the diaphragm, etc. when designing the 
CO, compressor impeller. In this development the impeller 
natural frequency in high density CO, gas was obtained by 
applying the natural frequency analysis method’ em 

for water turbine design. The analysis result showed that the 
natura! frequency in CO, was lowered to about 64% of that 
in a normal atmosphere, and the impeller was designed 
taking account of this reduction ratio. 


4. Verification Test 


A high pressure compressor of CO, compressor train was 
manufactured and subjected to various tests and inspec- 
tions, with the following two items being the main purposes 
of the verification test. 

(1) To confirm that the elements installed in the actual 
machine show the performance as expected 


(2) To verify the performance and reliability of the com- 
pressor under actual load operations 
4.1 Running Test at the Shop 


The test compressor was made to have two sections inter- 
nally to enable the gas loop to be set either independently in 
series for each of the two sections, and the following tests 
were made in stages. 


(1) High speed mechanical running test 


Confirmation of mechanical stability at low load operation, 
and gas seal characteristics at high speed rotation 


(2) Low pressure performance test 
Confirmation of aerodynamic performance and shaft power 
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(3) Actual load test 
Confirmation and verification of aerodynamical perfor- 
: ility and reliability 

mane, peer stability reliability under actual 
All tests were made according to API 617 and ASME 
PTC-10, and confirmation tests were further added under 
special conditions. Furthermore, stability of the rotor, the 
pressure fluctuation and displacement during possible tran- 
sient-state or unstable operation, the thrust force, the tem- 
perature of the stationary ring of the gas seal, etc. were 
specially measured in order to obtain all the data needed for 
evaluating the test compressor. 


5. Test Results 


The test results showed that the test compressor conformed 
to all its anticipated characteristics and functions, and 
verified the performance and reliability of the compressor to 
treat high pressure and high density CO, gas. The results are 
outlined as follows : 


5.1 Aerodynamic Performance 

The aerodynamic performance of the flow and pressure 
characteristics was obtained as expected as shown in Figure 
Xa). The shaft power of the compressor, shown in Table 2, 
was obtained through these measured values, verifying the 
high efficiency of the developed compressor, which is the 
greatest feature of the machine. 


5.2 Rotating Stall 


The pressure fluctuation at the impeller outlet was mea- 
sured to check its behavior under rotating stall, with the 
results shown in Figure 3(b). The rotating stall onset point 
was 11% away from the minimum flow operation point 
toward the low flow side, which was better than the design 
target of 10% ensuring enough stability within the operation 
range. Even if rotating stall occurred, the impeller did not 
resonate, enabling operation up to 31% from the minimum 
flow operation point towards the low flow side which 
ensured a wider operation range than conventional 
compressors. 


5.3 Rotor Vibration Characteristics 


The shaft vibration obtained had good margins compared to 
the permissible value of shaft vibration as specified in API 
standards, similar to the Mitsubishi centrifugal compressor 
up to now manufactured by MHI (Figure 4(a)). Further- 
more, the shaft stability obtained through nonsynchronous 
sweep excitation* of the casing at full load operation was 
confirmed to be within the degree of allowance as shown in 
Figure 4(b). 


5.4 Impeller Vibration Measurement 

The final stage impeller vibration for each section was 
measured using a noncontact displacement sensor. The 
result, as shown in Figure 5(a), shows the presence of only 
rotational frequency component (N component) and rota- 
tional frequency component multiplied bv the number of 
blades (NZ component) even under full load operation. The 
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Figure 3. Test Result at Full Load Condition. Measured 
results of 








N component was measured as the impeller angular dis- 
placement resulted by assembly, while the NZ component 
was measured as the deformation of the impeller owing to 
centrifugal force in the low-pressure section and as the 
deformation of the impeller owing to internal gas pressure in 
the high-pressure section as shown in Figure Xb), thereby 
verified no sign of abnormal vibration. Furthermore, the 
natural frequency estimated from random vibration is 
shown in Table 3, with the reduction ratio of natural 
frequency found to be as in the design target. 





Table 3. Impeller Natural Frequency 





























Mede bhmab stage imapedtior 
Measured vahee | Measured vabee | Redwctioa ratic 
im ale (A) in CO? gas (B) BA 
0ND 2312 Hz 1,492 HZ 0.65 
1 ND 1960 Hz 1250 Hz 0.64 
2. ND 2246 Hz 1375 Hz 0.61 
5.5 Gas Seal Characteristics 


As shown in Figure 6, the gas seal leak under full load testing 
was found to be about 50 N//min at a seal supply pressure of 
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Figure 4. Measured Shaft Vibration and Measured Sta- 
bility for Noxzsynchronces Excitation. Measurement 
results of shaft vibration under actmal lead testing and 

those of shaft stability allowance obtained through non- 

syachronoes sweep excitation of the chamber under actual 
ioad operation. 




















45-50 kgf/cm’G, nearly conforming to the estimated value 
ee er een ee Seen a Se Se 
Ni/min). 


5.6 Reliability at Start and Stop 


The CO, compressor has a large thrust force generated at 
each impeller, so that the balancing of thrust forces is a big 
concern at design. It is verified, as shown in Figure 7, that 
the surface pressure exerted on the thrust bearing at start up 
is substantially lower than the permissible surface pressure 
of 30 kgf/cm’. 

Furthermore, the shut-down test, made under full load 
operation as a simulation of an emergency stop, verified 
that each part starts the speed down operation and comes to 
a safe stop without any abnormality. 
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5.7 Overhaul Inspection 


The overhaul inspection was carried out after completion of 
all tests, and no abnormalities were confirmed. 




















Figure 6. Measured Gas Seal Leak. Measurement 
results of gas seal leak under actual lead testing. 
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Figure 7. Measured Thrust Lead (startup). Measured 
results of thrust bearing lead at startup. 














6. Conctesion 


MHI has developed a highly efficient, highly reliable, small, 
and compact compressor by solving a number of the tech- 
plants through integration of our independently developed 
fundamental technology. 


The gas physical properties computing method (IUPAC), 


have been verified the expected level of accuracy through 
the verification test, and it is considered that they will 
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contribute to the development and improvements in quality 
of the compressor in the future. 


Hopefully, this newly verified technology will be heipful in 
improving the efficiency and reliability of plants in the 
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Olympes Optical Strengthening Overseas Osaka University Develops Tunable Ultraviolet 
Research Ability Laser Suitable for Analysis of DNA 


95FEO0I68A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 8 Dec 94 p 11 


[JPRS Translated Text] Olympus Optical is strengthening 


U.S. subsidiary, Olympus America (New York), and have 
dispatched 20 staff there to perform work centered around 
the development of an electronic imaging system. The 
research and development base for this field had been 
limited to Japan alone, however, looking forward to the 
multimedia age, in which the connection of optical equip- 
be indispensable, they decided to place their most advanced 
technology in the United States, which has the lead in the 
communications technology area. 


They decided to abolish their U.S. technology gathering 
center in California by this spring and establish a new 


tion devices, such as workstations. They are looking for an 
opportunity to incorporate advanced U.S. information aud 
communications technology to produce products, aimed at 
quality images. 

The research and development committee is composed of 
young researchers, from age 20 to 30. Five members of this 
committee have been dispatched from Japan, and the 
remaining 15 were selected from local researchers. The 
internationalization of sales and production has gone fc:- 
ward but, up until now, research and development has been 
centered in Japan, so they are also aiming at causing each of 
the research committee members to have a very wide field 
of vision. Their international research efforts are not limited 
to the development of systems within Olympus America, 
but they have dispatched researchers to various U.S. uni- 
versity research institutes, sech as Stanford University, to 
perform basic research work. 


Olympus’ export percentage, at 60%, is a high one. This is 
especially true for endoscopes, which hold a high market 
share in Europe and America. Regarding medical equip- 
ment, such as endoscopes and microscopes, they anticipate 
that the demand for the utilization of this equipment 
networked with information and communication equip- 
ment will increase. For example, such demands would 
include the transmission of high-precision images of 
effected parts to remote medical diagnosis centers. 


Even more will be demanded of this high-technology oper- 
ation and, therefore, they are proceeding on an urgent basis 
with the internationalization of research and development. 


95FE0017C Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 22 Sep 94 p 7 

[FBIS Translated Text] Dr. Takatomo Saszki and colleagues 
at Osaka University, working jointly with the Spectral 


Physics Co., have successfully developed a tunable ultravi- 
a maximum continuous power output of 


is a solid tunable laser which enables beam oscillations in a 
wide near-ultraviolet region from 1000 nm to 660 nm, and 
will be a stepping stone for higher output lasers to be 
developed that oscillate in the blue to ultraviolet region 
from 400nm to 395nm. 


Medical Applications Expected in DNA Analysis 

The higher output achieved in the ultraviolet laser by a 
second harmonic was due to the increase in continuous 
oscillation output of the titanium-sapphire laser, which was 
achieved by placing an 8mm long LBO in the resonator of 
the titanium-sapphire laser. A high conversion efficiency of 
more than 70% was achieved by using a low-loss resonator 
and high-quality crystal, and by skillfully employing a 
two-harmonic reflector and a diffraction grating within the 
resonator. 


Dr. Sasaki found by controlling LBO temperature that the 
laser could be easily set from the blue region (400nm) to the 
ultraviolet region (395nm). The output fluctuations of ultra- 
violet light were less than plus or minus 5%, and the output 
A maximum ultraviolet output of 370 mW was achieved 
when oscillation output of the titanium-sapphire laser was 
increased by one watt. 

Dr. Sasaki said that he could have obtained an even higher 
ultraviolet output had he used an ultraviolet output mirror 
with a higher issivity than the one used in the 
experiment which had 50% transmissivity. 

The development of this laser takes us one step closer to a 
small, completely solid high-output tunable lighi source. 
Applications of this laser can be expected in the medical 
field for DNA analysis, and in other areas including photo- 
chemical reactions, and ultraviolet spectrometry. 


JRDC Commissioned To Develop High- 
Laser and Frbium- Doped Fiber Amplifier for 
Optical Communications 


95FEOOI9A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 25 Aug 94 p I 


[FBIS Translated Text] The Japan Research Development 
Corporation announced cn 24 August that it had commis- 
sioned development of a high-performance laser to Dr. 
Noburo Kobayashi and colleagues at Fukui University 
(Engineering Dept.). It will commission the development of 
the new technology for the laser to the Institute for Applied 
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Optics in Tokyo (Yoshi Yasumatsu, president). The JRDC 
says that the new laser will enable high output and contin- 
uous oscillation in wavelength regions that are relatively 
safe to the eyes and ideally suited to fiber-optic transmis- 
sion. On account of its miniature size, the new laser is 
expected to have a wide range of uses as a light source in the 
field of optical communication and optical measurements. 


The high-performance laser will use the peculiar light ampli- 
fying action of Er (erbium)-doped glass to produce a beam. 
In developing new technology, it will seek to promote heat 
radiation of the Er-doped glass laser and to increase power 
without overheating. Moreover, it hopes by regulating the 
temperature of the Er-doped glass, which will be the laser 
medium, to be able to continuously vary the oscillation 
wavelength in the neighborhood of 1.5 microns. The ,RDC 
says that the new laser will be safe to use in the 1.5-micron 
wavelength region because it is hard for a laser to reach the 
retina at wavelengths greater than 1.4 microns should the 
laser unexpectedly hit the eyes. Instead of a motor drive, the 
new laser will have a mechanism that enables output wave- 
length to be selected freely, thus cutting down size. 


The type of lasers being requested in the field of optical 
communication and optical measurements are tunable high- 
power lasers which are relatively safe to the eyes and can 
oscillate continuously in the neighborhood of 1.5 microns, 
which is where light loss in quartz optical fiber is the 
smallest. There are 1.5-micron lasers on the market today 
including a quaternary compound semiconductor laser and 
a solid laser with erbium-doped glass as the medium. But 
these laser systems are not able to vary oscillation wave- 
length and lack sufficient power. 


The time given to develop the new technology will be three 
years and will cost an estimated ¥ 200 million. 


JAERI Cites Progress in Development of HTTR 
95FE0019B Tokyo KAGAKU KOGYO NIPPO 
in Japanese 26 Aug 94 p 12 


{[FBIS Translated Text] At 11:00 AM today, the Japan 
Atomic Energy Research Institute will begin installing a 
reactor pressure vessel (RPV) in a high-temperature test 
reactor (HTTR) which is being built at the O-Arai Research 
Institute in Ibaraki Prefecture and scheduled to go critical in 
1998. The RPV was unloaded at the port of O-Arai and 
transported overiand to the site on 25 August. 


The RPV is a steel container in which nuclear fuel is loaded. 
It will be the heart of a new experimental high-temperature 
test reactor, which will be the first in the world that will 
bring hot helium gas between 850°C-950°C outside the 
reactor. The RPV took two years to manufacture at the 
Babcock-Hitachi No. 3 Kure Plant in the city of Kure, 
Hiroshima Prefecture. 


The first thing that will be done is to hoist the 262-ton RPV 
body using a crawler crane with a maximum lifting capacity 
of 400 tons. Next, workers will position the RPV body and 
then lower it by crane onto the RPV foundation bolts within 
the reactor containment. 
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Toshiba Develops New Compact Ultrasound 
System 

95FE0021A Tokyo TOSHIBA REVIEW in Japanese 
Vol 49 No 8, Jul 94 pp 595-598 


[Article by H. Nakajima, Toshiba Corp., Nasu Works] 


[FBIS Translated Text] At present, color Doppler systems 
are being increasingly used for diagnosing the dynamic 
blood flow of the liver and its peripheral vessels, malignant 
tumors, the dynamic blood flow of the fetus, and the 
dynamic blood flow of the peripheral vessels. This medical 
environment is fostering the development of high- 
performance and low-cost systems. 


In response to these needs, Toshiba has successfully devel- 
oped a compact, lightweight, low-power-consumption system 
which also maintains high quality and high performance. The 
new system was realized by adopting the dual frequency 
driving method and a digital image processing technique 
based on fundamental technologies developed up to the 
present time, and by developing a number of application- 
specific ICs (ASICs). 


In addition to the features mentioned above, the new system 
also allows the operator to operate switches while continu- 
ously watching the monitor, thus simplifying operation and 
reducing examination time. 


1. Introduction 


The importance of ultrasound diagnostic systems which 
employ color Doppler methods has been growing year by 
year because such systems enable the organs and dynamic 
blood flow of patients to be diagnosed painlessly and in a 
safe and non-invasive manner. These systems are now being 
used in diagnosing the liver area, i.e. confirming dynamic 
blood flow of local organs and determining whether these 
organs are good or bad based on whether there is tumorous 
bleeding, etc. In the field of obstetrics, these systems are 
being used much more often now to diagnose dynamic 
blood flow of the fetus, and in the United States, to diagnose 
dynamic blood flow of peripheral vessels in areas where 
there are often problems. A color doppler ultrasound diag- 
nostic system is not only essential in diagnosis but is also 
essential for treating disease and evaluating the results of 
that treatment, and also in transplants for confirming the 
location of blood vessels prior to operation and for evalu- 
ating dynamic blood flow during and after the operation. 


The above needs in diagnosis and treatment called for 
development of a high-performance and popular-type 
system which could be used not only by large hospitals but 
also by small- and medium-sized hospitals which have 
similar needs. 

Toshiba has been developing and marketing high- and 
medium-grade color Doppler ultrasound diagnostic systems 
for some time, but to meet the needs described above, we 
devcloped a high-performance popular-type color Doppler 
ultrasound diagnostic system which produces high-quality 
images and offers good cost-performance. 
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This system inherited the technology cultivated in host 
systems, and to that added high-quality imagery and sensi- 
tivity while keeping to a medium-grade system. By devel- 
oping application-specific ICs and high-density packaging, 
we were able to achieve a compact and light-weight struc- 
ture, and low power consumption. 


Compared to earlier medium-grade systems developed by 
Toshiba, this system is 10% smaller, 25% lighter, and 
consumes 30% less power. In addition to that, an operator 
can adjust the monitor for greater detail, a hallmark of color 
Doppler ultrasound systems, merely by means of a switch, 
thereby cutting down on examination time. 


In Figure |, we show an external view of this system. 


ecer 6+ ee 





Figure 1. External View of SSA-340A [Consists of main 
unit, probes, and observation monitor] 





2. System Capabilities 

The basic capabilities and features demanded in a color 
Doppler diagnosis system are extremely high no matter 
whether we are talking about a high-grade, medium-grade, 
or popular type system. 

2.1 High Image Quality and Sensitivity 

The characteristics considered most important to the basic 
capability of an imaging diagnostic system are image quality 
and sensitivity. 

Spatial resolution is believed to have a major relationship to 
high image quality. In order to improve spatial resolution, it 
is necessary to form a beam with a wide aperture, the width of 
the aperture also being a major factor related to sensitivity. 
A number of technologies were employed in this system to 
achieve a resolution and sensitivity of the aperture that was 
as high as a medium-grade system. 
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2.1.1 Progressive Dynamic Focus (PDF) Method 


The beam formation method adopted in this system was the 
same PDF method used in host systems. With this method, 
the aperture width and focal point are switched in succes- 
sion in the direction the ultrasound receiving beam is 
moving, and the wavefront of the signal reflecting from the 
body is electronically adjusted according to focal point and 
aperture, thus forming a precise beam. This improves the 
bearing resolution and enables high-speed scanning. By 
employing a new sensitivity correction circuit that is 
matched to the receiving beam, an image with even better 
resolution and sensitivity is obtained from shallow areas to 
deep area without any unevenness in sensitivity. 


2.1.2 Two-Frequency Drive System 


One of the ways to improve the spatial resolution of the 
image is to raise the frequency of the ultrasonic wave. And 
a way to achieve higher sensitivity is to lower frequency 
which reduces the inhibiting effect of the body. In order to 
achieve higher resolution and sensitivity despite these 
opposing factors, we have adopted a two-frequency drive 
system that enables high resolution and high sensitivity 
Sey ey Coeeeepangaay Sere 
) ‘ 


With a high resolution setting, we try to increase frequency 
by transmitting ultrasonic waves at high frequency, thus 
reducing the low frequency component. This improves 
spatial resolution and enables a uniform image to be pre- 
sented from the shallow to deep areas. 

When diagnosing patients in which the ultrasonic beam has 
a hard time penetrating or the inhibiting effect of the body 
is substantial, we made a high sensitivity setting possible by 
switching the receiving frequency to a lower frequency. 


In Figure 2 (not reproduced), we show imaging data using a 
biological equivalent phantom made by Radiation Measure- 
ment Inc. The photograph on the left is data obtained from 
a conventional system, and the photograph on the right is 
data obtained from this system. The data obtained with this 
system shows a uniform image from deep to shallow areas, 
and a noticeable improvement in spatial resolution. 


2.1.3 Digital Image Processing 
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frame rate is improved by digital image processing imple- 
mented especially for color mode images. The use of time- 
correlated processing further enhances and improves the 
sensitivity of color images within the blood vessels, and 
produces a clean image. 

In Figures 3 (not reproduced), 4 (not reproduced), and 5 
(not reproduced), we show images obtained with this 
system. 

2.2 System Functions 


The color Doppler system has been designed with a number 
of features to give it a wide range of applicability in 
diagnosis and treatment, and which enable it to improve the 
quantification and throughput of diagnosis corresponding 
to a variety of applications. 


2.2.1 Measurements 


The quantifying of data plays an important role when it 
comes to diagnosing disease. That being the case, we trans- 
planted a measurement program in tact from a host system, 
and verified the compatibility of measurement data with the 
host system. We also added the records of measurement 
programs needed for diagnosis that had been compiled in 
research by hospitals and individual doctors. We further 
designed it so that the measurement results could be printed 
out in report form. 


2.2.2 Record Keeping 

The following record-keeping features were added: 

(1) Record of system states corresponding to nine areas of 
diagnosis 

(2) Record of comments made on image data 


(3) Record of items measured, and computerized records of 
measurements 


(4) Record of individual user measurement programs 

(5) Record of conditions that enable optimum image setting 
for area of diagnosis 

(6) Record of unusual body marks for area of diagnosis 

(7) Records of functions allocated to six types of switches 

(8) Record of hospital names 

2.2.3 Image Memory Feature 


A digital image memory feature having the same storage 
capacity as the host system was provided which enabled 
images to be reproduced without image deterioration, and 
enabled detailed diagnosis and measurement. It also 
enabled images that were reproduced in real-time speed to 
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be replayed in slow motion or frame by frame, and enabled 
detailed observation of fast-moving blood flow and organ 
status. By integrating this with DSP, it further enabled a 
maximum reproduction of 497 images. 


2.2.4 Independent Scanning 


This feature enables high quality tomographic images to be 
obtained when inspecting peripheral blood vessels such as 
the carotid artery and blood vessels in the arms and legs by 
projecting an ultrasonic beam against a blood vessel perpen- 
dicularly, and enables highly precise Doppler and blood 
flow images to be obtained by the ultrasonic beam hitting 
the blood vessels at a shallow angle. 


2.2.5 Probe 


The system has been designed so that a probe can be used to 
quickly and accurately diagnose disease. It enables a probe 
having an optimum center frequency to be selected 
according to diagnostic objective and diagnostic area. It is 
designed so that the probe can perform convex scanning, 
linear scanning, and diagonal scanning. 


2.3 Compact, Light and Cost Efficient 


The examination rooms and wings of hospitals and the 
examination space in operating rooms is extremely 
cramped, and more often than not there is a problem over 
the size of equipment. In order to be able to move around 
the area within the hospital where the examination is 
conducted, the system had to be light in weight and have 
high mobility. 

By developing a number of application-specific ICs for the 
digital circuits and mounting these on a high-density board 
using an advanced packaging method, we were able to 
reduce the size and weight of the system and the amount of 
power consumed. This system was accomplished with half 
the circuit boards used in earlier medium-grade Toshiba 
systems. Doing this enabled a 25% reduction in weight and 
a 30% reduction in power consumption. It further enabled 
the system to be 10% smaller than systems that without 
color Doppler. 


3. System Variations 


By simplifying the interfaces between the units and 
increasing the independence of specific functions, the 
system was designed so that variations and system upgrades 
could be performed easily. By adding a spectrum Doppler 
unit as a basic system of the B-M mode systems, it enabled 
the system to be upgraded with a B-M feature and spectrum 
Doppler feature. By replacing the observation monitor with 
a color monitor and adding a color Doppler unit, the system 
can be further upgraded with a B-M feature, spectrum 
Doppler feature, and color Doppler feature. 
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In Figure 6, we show the concept of system control. 
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Figure 6. Diagram of System Control [Designed so that variations and system upgrades can be performed easily] 





4. Operability Improvements 

By making the basic capabilities and features of the system 
easy to understand for almost anyone, we have sought to 
dramatically improve operability, shorten routine examina- 
tion time, and improve throughput. 


4.1 Control Panel 


The control panel developed for this system is one that 
emphasizes operability during routine examination and one 
which even users who are using the color Doppler system for 
the first time can use easily. 


(1) It was installed in lieu of switches which show a high 
frequency of use in routine examinations, thereby cutting in 
half the number of switches used compared to conventional 
systems. 


(2) A palm controller was adopted which enabled the 
switches to be operated from images on a controller placed 
in the palm of one’s hand without taking one’s eye off the 
image. Using this palm controller, for example, an operator 
can do everything including adjusting the image, switching 
modes, operating the pop-up menu displayed on the mon- 
itor, and accessing images from the image memory. 


4.2 Automatic Controls 
(a) Autofocus 


Here, the focus of the receiving beam is automatically set by 
either the display monitor or Doppler sampling, always 
producing a good clean sensitive image. 

(b) Image Process (IP) 


Here, image quality is selected automatically in order to 
offer the best possible image of the area being diagnosed. It 
has been designed with an image process control for B-mode 
and color mode images which enables parameters to be 
combined and switched to adjust the image, and enables the 
San oe Oaaee Crean ay eo Ce CNY 
prefers. 


(c) Velocity Range Process (VRP) 

Here, the timing range of the detectable rate of flow is 
automatically selected according to the area being diag- 
nosed. It has been designed with a velocity range control 
which enables it to be manually switched. 

In Figure 7, we show a photograph of the control panel used 
in this system. 
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Figure 7. Layout of Control Panel [Simple control panel 
built with palm controller} 





4.3 Mobility 


The system, as has already been mentioned, was made 
smaller and lighter to give it better mobility. The system has 
also been designed and built so that equipment such as the 
printer, VTR, and CD unit, can be integrated into one unit. 
Mobility has been further improved by the use of casters 
which have excellent straight-forward drive, rotatability, 
and grade respondability. 


5. Conclusion 


The technological developments déscribed above have 
enabled Toshiba to develop a high-performance, multi- 
functional color Doppler diagnostic system. In planning and 
design of this system, it was essential first of all that we meet 
the needs that we're finding from users, and secondly that 
we offer the kind of performance, features, and cost that 
would enable us to develop new markets. 


In the future as well, we will keep trying to understand the 
diverse needs of our customers and trying to develop 
products that meet those needs. 


Principles of New Tunable Semiconductor Lasers 
Using Bragg Reflectors 

95FE0016A Tokyo NTT GIJUTSU JANARU 

in Japanese Vol 6 No 7, Jul 94 pp 82-85 


[Article by Y. Tomori and Y. Yoshikuni, NTT Optoelec- 
tronics Laboratory] 


[FBIS Translated Text] Looking ahead to the future of 
multimedia communication, a lot of companies are ‘oing 
research to develop more advanced optical communication 
systems. In this article, we discuss research trends regarding 
four new optical elements that will play a role in future 
optical communications. Here, we discuss a wavelength 
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multiplexing laser that converts signals and switches trans- 
mission paths by freely controlling the wavelength of the 
optical signal. 

Introduction 


The dramatic advances in electronic equipment centered 
around LSIs has brought the world of multimedia, wherein 
audio and video data are dealt with freely as electronic 
signals, that much closer to reality. The large volume of 
mostly video data that is dealt with as digital signals in 
multimedia has brought with it the need for a technology 
which will store and transmit large volumes of digital 
information. Right now, packaged media such as CD-ROM 
are being used as information sources, but in the future that 
is expected to shift to two-way multimedia communication 
in which communication networks are used. 


Present day communication networks, however, which have 
been designed for audio signals, are impractical for trans- 
mitting the large volume of data demanded by multimedia, 
so what is needed is a wideband communication network 
that can transmit large volumes of data quickly and inex- 
pensively. Fiber-optic communication systems, which can 
transmit large volumes of digital signals inexpensively, are 
expected to be used as the support infrastructure for multi- 
media communications. The main trunk communication 
networks are in the process of being converted to fiber-optic 
systems, but to truly commercialize multimedia communi- 
cation will require that the entire communication network 
including subscriber systems and exchange systems also be 
converted to fiber-optic systems. 


In this issue, we will focus our attention on four new optical 
elements that will support next-generation communications: 


(1) Tunable laser 


(2) Fiber-optic amplifier (device that resolves loss limitation 
problem in optical networks) 


(3) Planar light wave circuit (optical circuit component that 
freely processes optical signals) 


(4) Two-dimension semiconductor light switch (increases 
volume of communication by high-speed parallel 
processing) 


Wavelength Multiplexing Systems 


Optical fiber has a wide transmission band that extends to 
tens of THZ (1THz: 1000GHZ), but the optical communi- 
cation we see today works mostly with the intensity of light, 
and not that much with the wideband characteristics of 
optical fiber. In microwave telecommunication, on the 
other hand, companies have been employing frequency 
multiplexing in which a number of signals having different 
carrier frequencies are transmitted on one transmission 
path. If frequency multiplexing were employed in optical 
communication as well, it would enable the whole optical 
fiber transmission band to be used, and this would dramat- 
ically increase the amount of data that could be transmitted 
and greatly reduce service costs. 
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Figure 1. Theory of Wavelength Multiplexing Communication 





The frequency of light is expressed using wavelength, which is 
the length of one wave cycle. In the visible light spectrum, the 
difference in wavelength corresponds to the difference in the 
color of light, and white light is nothing but a convergence of 
the various wavelengths of light (colors). If a converging and 
separating device such as a prism were used, it would enable 
white light to be separated and synthesized into various 
different colors (cf. Figure !-a). The infrared light used in 
optical communication is invisible to the human eye, but it 
could be separated in a similar way spectrally using differ- 
ences in wavelength. By combining light of different wave- 
lengths on the transmission side and separating that light 
according to respective wavelengths on the receiving side, it 
would become possible to transmit a large amount of data on 
one optical fiber (cf. Figure 1-b). For example, if a transmis- 
sion were multiplexed in a low-loss wavelength band of 
optical fiber (range of 100nm centered on 1.55) at Inm 
spacing, it would be possible to send 100 channels of com- 
munication on one strand of optical fiber. 


If a light source were used in which wavelength on the output 
side could be controlled freely, it would give wavelength 
multiplexing communication even more diversity. With a 
light wave separator, the position of outgoing light could be 
switched according to the wavelength of the incoming light. 
Accordingly, if the output of the light wave separator were 
linked to several destinations by optical fiber as illustrated in 
Figure 1-c, it would be possible to select destinations based on 
the wavelength of the incoming optical signal. If such a 
feature were to be used, it would enable a flexible light wave 
network to be created in which the destination and path of a 
signal could be switched freely at high speeds by controlling 
the wavelength of the light source. 


Wavelength multiplexing communication offers many advan- 
tages as we have just seen, but it will need an oscillator with 


excellent monochromacity as a signal source which will enable 
oscillation wavelengths to be switched easily. An oscillator 
which works with radio waves is not that hard to find, but one 
that works with light waves is very difficult to find, which 
presents a serious problem when it comes to the commercial- 
ization of wavelength multiplexing communication. 


Single Wavelength Lasers 

A semiconductor laser is a device in which laser oscillation 
is achieved using electron-induced luminous phenomenon 
in the semiconductor. This laser emission reflects the energy 
distribution of electrons and is emitted across a range of 
tens of nanometers. Meanwhile, in optical communication, 
data is continuously being transmitted over long distances, 
so requires a light source having excellent monochromacity. 
To fill that purpose, companies are turning to single wave- 
length lasers such as the distributed feedback laser (DFB) 
and the distributed Bragg reflector (DBR) laser which have 
excellent monochromacity. In lasers such as these, a fine 
grooving called a diffraction grating is formed on the inside 
of the laser resonator. 


The grooving of the diffraction grating has almost the same 
cycle as a wave of light, and has the characteristic whereby 
the only light that is reflected is light of a wavelength 
determined by the diffraction grating according to the 
interference phenomenon of light (Bragg wavelength). A 
single wavelength oscillation is achieved because the diffrac- 
tion grating acts like a filter that determines the wavelength 
of the oscillation light. 


Thus, an excellent monochromatic output is achieved with 
an ordinary single-wavelength laser, but oscillation wave- 
length could not be controlled because it was determined 
according to the cycle of the diffraction grating at the time it 
was manufactured. 
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Tunable Lasers 


The wavelength of light in a semiconductor is arrived at by 
dividing the wavelength in a vacuum by the refractive index 
of the semiconductor. Accordingly, the wavelength of light 
emitted from a semiconductor laser (wavelength in air) is 
arrived at by multiplying the refractive index of the semi- 

conductor by the Bragg wavelength within the laser. The 
output wavelength of the laser can be controlled within a 
fixed range based on the fact that the refractive index of a 
semiconductor changes when current is injected (cf. Figure 
2-a). In the past, a lot of research was done on a variety of 
tunable laser based on this phenomenon. 


The changes in refractive index obtained by injecting cur- 
rent, however, are less than 1%, and by this we can see that 
the controllable wavelength range is restricted to about 
10nm (cf. Figure 2-b). In order to satisfy the diverse require- 
ments demanded in wavelength multiplexing communica- 
tion and optical networks, a tunable laser needed to be 
developed which could control wavelength across a wider 


range. 
Super Structure Grating Reflector 


The new super structure grating which has been developed 
has reflection peaks as shown in Figure 2-c that correspond 
to a variety of wavelengths. When this grating is used as a 
reflector in a DBR laser, it enables wavelength selection 
across a wide range by choosing from among the different 
reflection peaks. 


The super structure grating is constructed so that the pitch 
(cycle) of the diffraction grating varies according to location 
(cf. Figure 3-a). Because the diffraction grating has high 
reflectivity relative to the light of the wavelength corre- 
sponding to the cycle of the grating, it is possible to reflect 
light of various As we see in Figure 3-b, the 
cycle of the diffraction grating is such that it varies cyclicly 
at intervals of tens of microns. An ordinary diffraction 
grating has the periodicity of light, but with the super 
structure grating, a super structure is formed with a much 
finer grating than this. The reflective characteristic of the 
diffraction grating becomes a convergence of pointed reflec- 
tion peaks as shown in Figure 3-c based on the periodicity of 
the super structure. 


We did an analysis on the relationship between the structure 
of the super structure grating and the reflective characteris- 
tics thereof, and found that it agreed with the characteristics 
of experimentally fabricated diffraction grating. That 
enabled us to design a super structure grating having the 
desired reflective characteristics. 


a Grating Tunable Laser (SSG-DBR 


A DBR laser using a super structure grating has reflectors 
with super structure grating that ify light on both sides 
of the active region (cf. Figure 4-a). The light produced by 
the active region is reflected by the reflectors on both sides 
and amplified as the active region is restored. The two back 
and front super structure gratings have different pitch 
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modulation cycles, so there is a difference in the spacing of 
the high reflection peaks expressed by each (cf. Figure 4-b). 
The front and back reflectors must both have high reflec- 
tivity in order for laser oscillation to occur, so oscillation 
takes place in a tuned wavelength (A,) for the back and front 
high reflection peaks. In this manner, one wavelength is 
selected from among a number of reflection peaks in the 
super structure grating. 


tuate toward the shorter wavelengths as shown in Figure 4-b. 
According to this, the back end of the reflection peaks shift 
from A, and the front and back peaks agree at a new A, 
wavelength. For that reason, the cncilletion wavelength wil 
vary widely from A, to A,. As is shown in Figure 4-b, the 
variations in wavelength by current injection are quite 
small, san Ge wasetii & culisien Gouieaite aaen 
increasingly wider due to the vernier effect between reflec- 
tion peaks having different spacing. Using this effect, it is 
now possible to achieve variable wavelengths that greatly 
exceed the limit determined by refractive index variations 
(10 nm). 

[Vernier Effect: A method in which a vernier such as calipers 
are used to achieve greater precision in measuring length. The 
main instrument scale and the vernier scale are graduated 
differently, and by getting both scales to agree, it is possible to 
observe movement in much greater detail. In an SSG-DBR 
laser, this effect widens the extremely narrow variation in 
wavelengths produced by refractive index variations. ] 

The actual element that was fabricated was designed so that 
wavelength could be varied by 100nm in a |.5-micron band. 


In Figure 5, we show the variable wavelength characteristics 
of this element. The oscillation wavelength is adjusted by 
injecting current into the reflector region in the front or back 
super structure grating. This element was able to prove that 
oscillation wavelength will vary as current is injected, and 
that a variable wavelength as wide as 100nm is achievable. 


Conclusion 


Using a newly proposed super structure grating, we devel- 
oped a tunable laser in which oscillating wavelength could 
be controlled over a much wider wavelength range than 
conventional elements. This element not only holds promise 
as a light source in wavelength multiplexing communica- 
tion, but is also expected to add new functions to optical 
communication such as signal switching and exchanging 
based on wavelength. 


Addendum 
DFB Laser 


DFB laser is short for distributed feedback laser. It is 
designed with a diffraction grating formed over the entire 
laser resonator. Its simple construction makes it easy to 
manufacture and highly reliable, and it is widely used as a 
light source for long-distance high volume communication. 
DBR Laser 


DBR laser is short for distributed Bragg reflector laser. It is 
designed with a diffraction grating instead of a reflector on 
either both sides or one side of a common laser. The 
diffraction grating reflects only the light of specific wave- 
lengths (Bragg wavelength), so the laser oscillates in a single 
wavelength. 
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Laser Revsomntor path of the semiconductor to select the wave- 
In lasers, light is contained inside a structure called a as ae eee 

resonator which that light to produce a powerful Bragg Wavelength 


emission. The F-P (Fabry-Perot) type laser resonators com- 
monly used have been designed with two parallel reflectors. 
The light produced by the radiation of the semiconductor is 
reflected by reflectors on both sides and amplified as light is 
restored to produce an intense oscillation beam. In single 
wavelength lasers such as the DFB and DBR laser, a single 
wavelength oscillation is obtained by using a diffraction 
grating having wavelength selectivity instead of a reflector. 


Diffraction Grating 


This is a specially named grating which is essentially a 
grooved reflector having a certain wavelength pitch, which 
has been designed to intensely reflect only the incoming 
light that agrees with the wavelength determined by the 
pitch. Diffraction gratings are being used in the field of 
semiconductor lasers as built-in reflectors inside the optical 


This is the wavelength of light with the largest diffraction 
grating reflectivity. When light from a semiconductor laser 
moves parallel with the diffraction grating, the Bragg wave- 
length is twice the pitch of the diffraction grating. 
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MITI Announces Pian To Develop Superconducting 
Materials under Microgravity Condition in Free Fe 


95FE0019C Tokyo KAGAKU KOGYO NIPPO 

in Japanese 9 Sep 94 p 1 

[FBIS Translated Text] The Ministry of International Trade 
and Industry (MIT1) announced plans to develop supercon- 
ducting materials under microgravity conditions in a next- 
generation unmanned space experiment system (USERS) 
scheduled to be launched in the year 2000, and will start 
developing equipment and performing basic experiments 
next year to prepare for this. Its aim will be to manufacture 
large ing materials in space that are virtually 
impossible to manufacture here on earth. 

USERS is a space experiment satellite project that will 
follow the free flyer unit (SFU) space experiment to be 
launched in February next year on an H-II rocket. USERS 
will be less expensive and more flexible than the SFU. MITI 
will try to make the satellite used for the experiment more 
compact and light-weight using everyday components and 
employing advanced technology. The SFU project satellite 
will be recovered by a space shuttle of the U.S., but the 
USERS satellite will return to the atmosphere by itself. 


MITI plans to use the USERS project to develop supercon- 
ducting materials under microgravity conditions, and will 
start preparations for that next year. One of the supercon- 
ducting materials it wants to develop is a neodymium 
material. This is a superconducting material which is 
thought to have a critical temperature somewhat higher then 
liquid nitrogen but produces a more intense magnetic field. 
When the powdered form of this material is compressed and 
heated, however, it crumbles to pieces and does not lend 
itself well to manufacturing. It is also difficult to manufac- 
ture when placed in a container and baked because it tends 
to react with the container. 


That being the case, scientists have come up with the idea of 
baking the material in an oven while it is suspended in a 
microgravity environment in the space. The advantage of 
this is that it would avoid the use of containers and enable 
larger size material to be manufactured. The amount of 
money requested for this project in next year’s budget is 
estimated at ¥ 650 million, which will be used to examine 
the feasibility of developing this material. After that, MITI 
plans to move on to developing the equipment that will 
actually be used to perform the basic experiments. 


NEC Develops Semiconductor Laser for Optical 
Transmissions with Plastic Optical Fibers 
95FE0017B Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 7 Sep 94 p I! 

[FBIS Translated Text] The NEC Corp. has developed a 


sion using a high-performance plastic opti 

which is expected to be the fiber of choice in the multimedia 
age. The red visible beam, which oscillates at 650nm (one- 
billionth of a meter), will enable data to be output at the rate 
of 2.5 gigabits (one billion bits) per second. There are 
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semiconductor lasers on the market today using quartz fiber 
that achieve the same results in bands, but the 
semiconductor laser developed by NEC is the fastest in the 
world when it comes to short-wave visible light. The high- 
performance POF is easy to splice and significantly reduces 
the cost of laying cable. The company plans to start pro- 
moting and putting the POF on the market next year. 


The new semiconductor laser developed by NEC incorpo- 
rates the same laser technology used in low-speed red visible 
light lasers found in bar code readers and CD (compact disk) 


pty oi ty 


95FE0017A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 27 Aug 94 p 2 


[FBIS Translated Text] On the 26th of January, the Japan 
Atomic Energy Research Institute (JAERI) installed a 
reactor pressure vessel in a new high-temperature test 
reactor (HTTR) which generates temperatures in the neigh- 
borhood of 900°C. The reactor pressure vessel is a vertical- 
type cylindrical vessel made of steel that contains fuel and 
in-core structures. 
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The reactor pressure vessel took two years to manufacture at 
the Babcock-Hitachi Kure Plant, and after being trans- 
ported by sea and unloaded at the port of O-Arai in Ibaraki 
Prefecture, it was transported over land to the JAERI 
O-Arai Research Institute. 

The body of the vessel, which is 13 meters long, 6.4 meters 
wide (internal diameter), and weighs 262 tons, was hoisted 
into the air at 11:18 AM using a large 470-ton crawler crane 
with a working radius of 12 meters, and was then lowered 
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through a 20-meter opening in the reactor building and 
placed on the foundation which was located 20 meters 
below the ground. 

In September of this year, it plans to install an intermediate 
heat exchanger, and in 1995 put in the structural elements. 
In the following year, it will conduct pressurized tests on the 
primary coolant system to check for leakage, and in 1998, 
the reactor will go critical. 
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MITT? s Micromachine Project Te Enter 2nd RAD 


95P60079A Unknown NIHON KEIZAI SHIMBUN 
in Japanese 14 Mar 94 p 1 


{FBIS Media Note] The Agency of Industrial Science and 
Technology (AIST), under the supervision of the Ministry of 
International Trade and Industry (MITT), is about to embark 
on the second phase of its micromachine technology project 
in FY96 (KAGAKU KOGYO NIPPO 20 Oct 94). Japan’s 
domestic micromachine market is estimated to be approxi- 
mately 1.9 trillion yen ($19 billion) by the year 2010 (NIHON 
KEIZAI SHIMBUN 14 Jun 94). MITI has made efforts to 
foster Japan’s competitiveness in this potentially large market 
by granting contracts to the private sector through its auxil- 
lary Organizations including the New Energy and Industrial 
Technology Development Organization (NEDO), Microma- 
chine Center, and Japan Industrial Technology Association 
(JITA) (NIKKAN KOGYO SHIMBUN 15 Nov 94, NIHON 
KOGYO SHIMBUN 8 Jul 94). 


MITT’s Micromachine Project 

Micromachines are super-miniaturized machines and 
robots in which motors, electronic circuits, and sensors are 
integrated. Their size varies from several microns to centi- 
meters. The applications could vary from medical equip- 
ment to industrial-use inspection equipment (NIKKEI 
SANGYO SHIMBUN 7 Nov 94). Micromachine tech- 
nology is also expected to represent next generation manu- 
facturing technology along with the Intelligent Manufac- 
turing System (IMS), which is an international collaborative 
research program involving six countries and regions that 
will implement systems that integrate the whole manufac- 
turing process at a high level and solve structural problems 
confronting man industries all over the world 
(KAGAKU KOGYO NIPPO 7 Apr 94). 


ene ny badhnpepaner ftcinmachine gman «tb adlyane vl 
machine Center, a t organization under 
MITI’s supervision and a key player for the micromachine 
technology project, the domestic micromachine market is 
estimated to be approximately 1.9 trillion yen ($19 billion) 
by the year 2010 (NIHON KEIZAI SHIMBUN 14 Jun 94). 


Since 1991, AIST has directed this 10-year project, which was 
divided into two 5-year periods (Ist period: 1991-1995, 2nd 
period: 1996-2000). The micromachine project started as part 
of MITT’s Project and is now a part of the 
Industrial Science and Technology Frontier Program (ISTF) 
system. MITI plans to budget a total of about 25 billion yen 
($250 million) through 2000 of which approximately 2.2 
billion yen ($22 million) was allocated for FY94. Its objec- 
tives are to conduct R&D on ciement technologies required 
for micromachine development to perform precise operations 


licati 
technologies, and microfactory technologies. (KOGYO 
GUUTSUIN KENKYUJO KENKYU KEIKAKU 1994, 
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TSUSANSHO KOHO 5 Dec 94). (For previous reporting, see 
“Japan: Micromachine Project Enters R&D Stage,” FB PN 
97-153, 1 Apr 92.) 


Gevernment Efforts To Promote Nicromachine 
Technology Development 
MITT’s approximate budget allocation up to FY94 is as follows: 


























Budget for Micromachine Technology Projects 
FY91 Fy32 FY93 FY3S4 
(Unst2thillion yen) 856 1,503 2,232 
(Unit: milion dollars) 8.6 15 22 
Total (1991-2000) 25 _ billionyen($250million) 








(The approximate budget allocated for the first phase is 10 billion 
yen.) 


MITT’s micromachine project has been conducted by AIST’s 





Fi nical Age 
The Micromachine Center (Chairman: Seiuemon Inaba, presi- 
dent of Fanuc) has been charged by NEDO to coordinate R&D 
conducted by 27 domestic and foreign companies and research 
institutes. MITI has granted contracts to the private sector 
through these auxiliary organizations. 

The medical field is expected to be the first to use microma- 


research between FY91 and FY93. The center has added 
another ¥ 550 million ($5.5 million) to promote private 
corporations for the development of application technology 
(TSUSANSHO KOHO 5 Dec 94, NIHON KOGYO 
SHIMBUN 2 Mar 94). The center’s members include Fanuc, 
Omron, Olympus Optical Co., Mitsubishi Heavy Industries, 
Mitsubishi Electric Corp., Mitsubishi Cable. Industries, 
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The Ministry of Health and Welfare (MHW) plans to 
establish a joint research group with the private sector and 


Japanese companies under the supervision of the Microma- 
chine Center. 


Murata Mfg. Co. has developed a device called a “micro 
gyro” that measures approximately 2 sq. mm and can sense 
rotation rates of six degrees per second. The device is a 
sensor which equates to the semicircular canals in the ear 
that serve to maintain equilibrium. It is built on a 2 sq. mm 
chip of silicon. A thin, rectangular vibration board (length: 
0.8mm; width: 0.4mm; thickness: 5 microns) is positioned | 
micron above the substrate and perched on a pair of beams 
which act like springs. The two sides of the board not in 
contact with these beams are shaped like the teeth of a 
comb, and the silicon substrate at these two places has the 
same toothed structure. Applying a voltage between tle 
teeth creates a pulling force which is countered by the spring 
force of the beams. As the result, the board vibrates at a rate 
of about 12 kilohertz. The application of this device is to 
determine any change in the position of a micromachine the 
sensor is built into (NIHON KEIZAI SHIMBUN 12 Nov 
94, THE NIKKEI WEEKLY 5 Dec 94). 


Mitsubishi Electric Corp. has experimentally developed a 
miniaturized generator by applying a manufacturing tech- 
nology used for very large scale integrated circuit (VLSIC) to 
make a small coil in which a permanent magnetic pole with 
impellers are: inserted. The diameter of the cylindrical 
generator ‘; approximately Imm and the length is about 
1.8mm. The generator produces milli-voltage when the 
impellers are spun 100,000 times per minute. This device 
can be used as a power generator for micromachines that are 
inserted into capillaries of a chemical plant or human blood 
vessels (NIHON KEIZAI SHIMBUN 21 Nov 94). 

Terumo Corp. has developed wireless transmission tech- 


nology that can supply electricity without contact to a 
device such as a micromachine or an artificial organ. The 


converted back to electricity on the receiving side. Terumo 
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used lithography methods that are employed in semicon- 
ductor manufacturing to perfect an ultrasmall photoelectric 
conversion system that consists of a photocell, which is 
made of monocrystalline silicon. The system is 2.5mm wide, 
1.6mm deep, and 0.4mm high. The 0.5 sq. mm photocell 


expected that this will be the springboard for the develop- 


damaging surrounding 
structures (NIKKEI SANGYO SHIMBUN 15 Nov 94). 
Feture Plans for Promoting the Micromachine Proj »ct 
In June 1994 the Micromachine Center held a joint seminar 


Trade Organization (JETRO), an auxiliary organization 
under the supervision of MITI. The center is planning to 
hold a “micromachine summit” in Japan in March 1995 


SANGYO SHIMBUN 10 Apr 94). 
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Hitachi Cable, Ltd. Develops High-Efficiency 
Laser-Waveguide for Optical Communications 
95FE00I9D Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 30 Aug 94 p 5 

{FBIS Translated Text] The Hitachi Cable Co, Ltd. has 
developed a new technology that effectively joins an optical 
waveguide with glass optical fiber. It is a method in which 


2 

at a temperature of more than 1200°C. An official at Hitachi 
Cable says that it achieved 97% optical transmissivity with 
this method. With this method, Hitachi said it was able to 
assure an optical transmissivity that was equal to or greater 
than conventional fusion methods based on a joining tech- 
nology involving ultraviolet hardened resins. 
The technology which it developed is a method in which the 
waveguide and fiber are precisely aligned with each other, 
after which the glass part of each is melted and fused by 
laser. In experiments conducted by Hitachi Cable, the core 
of the waveguide used to guide the wave was shape-shaped 
(6 x 6 p), and the core of the optical fiber used was 
round-shaped (4 p across). A 1.5-micron laser beam of the 
kind being used in optical communication was used to 

i how the light travels through the waveguide. 
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Irradiation conditions of the laser were specified so as to 
_ the most effective joining of the waveguide and 


Using a CO, laser with an oscillation wavelength of 10 
microns, it fused the junction between the fiber and 
waveguide at a temperature of around 1200°C, adjusting the 
irradiation time of the laser depending on the fiber and 
waveguide material, and achieved an optical transmissivity 
that averaged as high as 97%. It also confirmed the need to 
precisely control the depth of the area joined by laser 
irradiation in order to maintain fusion strength. 

Hitachi Cable explained that this method enabled high 
transmissivity to be attained without any subsequent change 
in the refractive index of the areas being fused because the 
core areas in which light passes were mechanically matched 
with each other and because the glass components which 
enclose the core were fused together. 


The other joining method used commercially is one in 
which an ultraviolet-hardened adhesive is used between the 
waveguide and fiber. With this method, however, scientists 
found that once light in a fiber passes through a layer of 
adhesives having somewhat different refractive indices and 
enters the waveguide, it has a 95% optical transmissivity 
because light is lost at this junction. 
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§2 TELECOMMUNICATIONS 15 March 1995 
MPT to Promote Radio Multimedia optical fiber networks, the radio systems could also possibly 
95FE0163 Tokyo NIHON KEIZAI SHIMBUN be used for lower capacity applications, such as in the home. 
in Japanese 31 Dec 94 p 1 
Telecommunications Council To advise on 
[FBIS Translated Text] International Cooperation for Establishing GIl 
43070013A Tokyo MPT NEWS in English 


The Ministry of Posts and Telecommunications (MPT) has 
decided to promote wireless multimedia. The first objective will 
be to achieve practical use of mobile TV phones and ultra- 
high-speed wireless local area networks (LANs) by the year 
2000. Then, the focus of wireless communication will be shifted 
from voice to data and video. For each application already in 
existence, rather than dividing up and allocating the radio 
waves for each application already in existence, a single wide 
band will be used. The establishment of technical standards, 
which will become the target for research and development 
efforts in the industry, will also be stepped up. Although the 
objective is to develop a new industry and boost competitive- 
ness on a global scale, it is also possible that the former 
communications policy which placed priority on nationwide 
installation of optical fiber networks, could be drastically 
changed. 


Practical Use of Mobile TV Phones and Ultrafast 
LANS Targeted for Year 2000 


The specific plan for wireless multimedia was set forth by the 
“Investigative Committee for Multimedia Mobile Communica- 
tions”, a private research group of the Director of Electrical 
Communications Agency (MPT), and is now being examined. 
When the research committee submits a report in March, the 
MPT will begin to draft new technical standards. According to 
results which have already been compiled by the research 
committee, there will be target dates for development efforts— 
one will be the year 2000 and the other 2005. The specific 
development goals prior to the year 2000 will be divided into 
outdoor and indoor applications. 


The first research theme will focus on development of an 
advanced mobile phone system (FPLMTS). A transmission 
speed of 2 megabits per second, which surpasses that of 
NTT’s ISDN communications network, will be achieved. 
This will enable practical use of mobile wireless TV phones 
and wireless teleconferencing systems. 


The development of a wireless LAN which can transmit sixty 
times faster than current systems will be promoted for indoor 
applications. The idea is to create a system which can process 
video (TV quality) data on twelve personal computer termi- 
nals in the LAN. By the year 2005, the goal is to achieve 
practical use of cellular phones which can transmit data 20 to 
100 times faster than the FPLMTS. 


With regard to installation of data communications facili- 
ties, the FY95 budget allocation for special funding for 
optical fiber network installation was ¥ 30 billion, which is 
less than half what the MP requested. If advanced wireless 
systems are achieved on a practical basis, they could pos- 
sibly replace the optical fiber networks. Since the mainte- 
nance cost for radio communications is lower than that for 


[FBIS Transcribed Text] On 13 October, the Minister of 
Posts and Telecommunications, Mr. Shun Oide, inquired of 
the Telecommunications Council, an advisory body to 
MPT, as to how MPT should cooperate with other countries 
in establishing an advanced info-communications infra- 
structure to meet the diverse needs of the 21st century. The 
issue will be examined by the Telecommunications Coun- 
cil’s Communications Policy Committee, and the Council is 
expected to submit a report in May 1995. 


The background leading up to the inquiry is as follows: 


1) In May of this year, the Telecommunications Council 
submitted a report to MPT entitled “Reforms Toward 
the Creation of the Intellectually Creative Society of the 
21st Century: Program for the Establishment of High- 
performance Info-communications Infrastructure.” The 
report points out that building international networks is 
essential for establishing info-communications infra- 
structure. The belief that cooperation is essential to 
establishing info-communications infrastructure among 
countries is also shared by nations around the world. 


2) Reflecting this growing awareness, it was agreed at the 
Naples Summit last July to hold a G7 ministerial con- 
ference on worldwide information infrastructure. Inter- 
national organizations are also redoubling their efforts to 
improve infrastructure. For example, the Organization 
for Economic Cooperation and Development (OECD) 
looked at information infrastructure in light of the out- 
come of the G7 Jobs Conference staged in March this 
year, and two regional organizations, the Asia-Pacific 
Telecommunity (APT) and Asia-Pacific Economic 
Cooperation (APEC), have begun developing info- 
communications infrastructure to underpin the eco- 
nomic development of the Asia-Pacific region. In addi- 
tion, the Ministerial Meeting on Global 
Telecommunications, hosted in Kyoto this September on 
the occasion of the ITU Plenipotentiary Conference, 
adopted the Kyoto Declaration, which also referred to 
the development of worldwide info-communications 
infrastructure. 


3) MPT believes Japan has a responsibility as a leader in 
info-communications to respond to future changes in the 
environment to ensure establishment of global info- 
communications infrastructure, to forge closer ties with 
other countries and international organizations, to lead 
the way in establishing info-communications infrastruc- 
ture worldwide, and to thereby contribute to developing 
sustained economic growth and creating new employment 
opportunities. 
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4) It is therefore vital that Japan determine a specific 
approach to establishing worldwide info-communications 
infrastructure, and proceed accordingly. 

In view of the above, Minister Oide inquired as to how 

Japan should cooperate with other countries in establishing 

advanced info-communications infrastructure for the 21st 

century. 


EU Holds Hearing on Japan’s Info~Communications 
Measures 

43070013B Tokyo MPT NEWS in English 

28 Nov 94 pp I, 4 


[FBIS Transcribed Text] On October 13, the EU held a 
hearing on Japan’s info-communications measures at its 
Committee on Economic and Monetary Affairs and Indus- 
trial Policy meeting in Brussels. The Japanese delegation led 
by Mr. Shuji Kusuda, MPT’s Deputy Minister for Policy 
Coordination, made a presentation on the subject. The 
following summarizes the EU’s announcement on the 
hearing. 

In the framework of the report from Mr. Fernand Herman 
on the information-intensive society, the Commission 
received a Japanese delegation led by Mr. Shuji Kusuda, 
Deputy Minister in charge of policy coordination at MPT. 


Mr. Kusuda reminded the Commission that liberalization 
of the telecommunications sector in Japan was initiated in 
1985 opening the market to competition for services, such 
as voice telephony, as well as for infrastructure construc- 
tion. This liberalization permitted a reduction in costs and 
the offering of a much broader range of products and 
services. 

Today, Japan is faced with a set of unique problems 
centered on its rapidly aging population, intensifying urban 
concentration and increased concerns for more substantial 
environmental protection. Effectively contending with these 
problems requires the adoption of a new, more responsive 
economic and social model reflecting a “society based on 
knowledge and information rather than on goods and 
energy.” 


High-quality infrastructure is indispensable to generate such 
an enhanced information-oriented society. This infrastruc- 
ture can only begin to meet the diverse demands expected 
by construction of a nationwide fiber-optic network by 
2010. In this year, the dimension of the market for info- 
communications infrastructure is expected to be worth 
¥ 123 trillion (about | trillion ECUs), or 5.6% of the gross 
domestic product (GDP), and it will lead to the creation of 
2.43 million jobs, or 6% of the employable population. 


Taking into account the burden the creation of this infra- 
structure will impose on the private sector regarding the 
costs involved, particularly in the first stage, the Japanese 
authorities envisage new financial measures coupled with 
the possibility of no-interest loans. 


During the debate, the parliament members noted that they 
were impressed with the volunteerism of the Japanese 
authorities to promote the system. They also indicated some 
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concern about the amount to be provided for public subsi- 
dies and about the possibility of foreign operator involve- 
ment. Moreover, they wondered how the implementation of 
standards can be prevented from leading to supplementary 
protection in the field of international cooperation. 


Mr. Kusuda specified that the Japanese Diet held its rele- 
vant discussions based on a financing budget of ¥ 60 billion. 
These funds, however, are only being provided for the first 
stage of construction to be concluded in 2000. Concerning 
foreign operators, a distinction should be made between 
installation and equipment in which a one-third participa- 
tion is generally allowed, and the supply of multimedia 
services where no restriction is made on foreign capital 
investment. 


ITU Plenipotentiary Conference Concludes 
Successfully 


43070013C Tokyo MPT NEWS in English 28 Nov 94 p 2 


[FBIS Transcribed Text] On 19 September, the Plenipoten- 
tiary Conference of the International Telecommunication 
Union (ITU) opened at Kyoto International Conference 
Hall. Four weeks later, on 14 October, the closing ceremony 
was held and the final acts were signed by representatives of 
149 countries. 


Including delegates from 151 of the ITU’s 184 member 
countries, and observers from 12 international and regional 
organizations, a total of 1,083 people participated in the 
conference. 


The Japanese delegation, led by Minister of Posts and 
Telecommunications Shun Oide, numbered 110. The con- 
ference was chaired by Mr. Yoshio Utsumi, Director- 
General of the International Affairs Department, MPT. 


This conference was shorter by two weeks than the previous 
Plenipotentiary Conference held in Nice, France, in 1989. 
However, thanks to the cooperation of all countries, the 
conference was smoothly managed and the program 
proceeded according to schedule. 


Japan’s proposal to establish “World Telecommunication 
Policy Conferences” to study global telecommunication 
policies and regulations was realized in the form of the 
newly established “World Telecommunication Policy 
Forum.” 


The initial strategic policy and plan for the forum within the 
ITU were determined. In principle, the forum will be open 
to all member countries and private companies, but it may 
be closed to private companies if the particular subject 
under discussion warrants this. The results of all forum 
discussions will be compiled as reports or opinions. 


From Region E (Asia and Australasia), Mr. Makoto Miura 
of Japan was handily re-elected as a member of the Radio 
Regulations Board. In the election of the Council members, 
Japan was re-elected with the most votes as one of 12 
representative countries of Region E. 
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S4 TELECOMMUNICATIONS 15 March 1995 
MPT To Conduct Verification Tests To Confirm key technology for enhancing multimedia and fostering 
MPEG-2 Performance and Efficiency convergence of communications and broadcasting. 
43070013D Tokyo MPT NEWS in English 28 Nov 94 p 4 The tests are expected to clarify the 


[FBIS Transcribed Text] In cooperation with Victor Co. of 
Japan, Ltd., Nippon Hoso Kyokai (NHK; Japan Broad- 
casting Corp.) and Nippon Television Network Corp., MPT 
will conduct MPEG-2 verification tests this November and 
next January at Yokohama Visual Communication Techno 
Station Co., Ltd. (YTSC), which is funded mainly by the 
Telecommunications Advancement Organization of Japan 
(TAO) as a specified R&D facility construction project. 


The tests are being conducted to verify the performance and 
efficiency of MPEG-2 moving picture coding technology, 
which will constitute the most salient technology for realizing 
a multimedia environment for distributing diverse informa- 
tion essential to promoting construction of info- 
communications infrastructure. The present verification tests 
will be conducted for actualizing the final stage, that is, the 
high-definition TV (HDTV) level, following verification tests 
on the normal picture of the standard definition TV (SDTV) 
which were performed in February and June this year. 


MPEG-2 is a very promising coding technology for digital 
HDTV broadcasting in Japan, the EU and the United 
States, and since it is also applicable to such fields as 
communications and storage media, it is positioned as the 


performance, features 
and any remaining problem areas of MPEG-2, and thereby 
help promote MPEG-2 as an international standard. At the 
same time, the results are to be reflected in the various 
measures to be taken such as enhancement of digital image 
technology for promotion of construction of info- 
communications infrastructure. 
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Japan Comsys, NTT to Jointly Build Nation’s 
Largest ATM Networks 

95FE0086A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 18 Nov 94 p I 


{FBIS Translated Text] Japan Comsys, a major communi- 
cations construction company will build the largest consol- 
idated network in Japan to use ATM (asynchronous transfer 
mode) exchanges, in conjunction with the Japan Telegraph 
and Telephone Corp. (NTT). A large capacity optical fiber 
communications network will be used to link the Comsys 
headquarters office with ten branch offices throughout 
Japan. This network will enable high-speed transfer of 
video, audio, and character data, and will require the 
investment of about | billion yen. Use of the network will 
simplify the administration of complex procedures work 
such as order processing. Future inter-business networks are 
projected to be ATM type, and efforts are focusing on 
methods to utilize them once they have been installed. 


Comsys will link ten branch offices to its headquarters office 
using ATM experimental lines which are to be installed by 
NTT in March 1995 for experimental multimedia applica- 
tions. NTT will provide the lines free of charge for two 
years. Each of the branch offices will contain an ATM 
exchange developed by NTT, to enable high-speed transfer 
of various types of data. 


Comsys will use the consolidated network to conduct most 
of its communications business, such as inter-office tele- 
communication, personal computer communications, and 
image transfer. Various tests are being conducted to test the 
feasibility of company-wide technical training, among other 
things. The new network will also allow the instantaneous 
transfer and reception of technical information, such as 
design layouts in a teleconferencing arrangement, in con- 
junction with television monitors, personal computers, and 
color printers. 


With Summer 1995 as its goal, the network will include 
subcontracting construction companies and suppliers of 
equipment and source materials. This will make it possibile 
to achieve electronic data interchange (EDI) of transaction 
data among personal computers. Comsys plans to accumu- 
late the know-how regarding the use of the ATM network in 
order to acquire future construction demand. 


The ATM exchange partitions information for voice or 
image communications into small cells and assigns an 
address to each one, thereby enabling high-speed transfer of 
large amounts of data. 


NTT’s “BA-3000” can transfer 600 megabits of data per 
second, enabling the transmission of moving pictures with 
high definition quality on TV phones. Compared to trans- 
ferring the same information using the conventional TDM 
(time division multiplex) equipment, the ATM system lines 
are only half as thick, and therefore more economical. 
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NTT Develops New Optical Switch Using 
Capillary Tubes 


95FE0086B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 17 Nov 94 p 5 


[FBIS Translated Text] The Nippon Telegraph and Tele- 
phone Corp. (NTT) has designed and verified the basic 
operation of a new optical switch which uses capillary tubes. 
A substance which reflects light, such as mercury, is inserted 
into the capillary tube, and moved about by electrical and 
temperature variation to switch the path of the optical 
signal. Although it is not suited for applications such as 
exchanges, where high-speed switching is repeated, it can 
maintain the switched mode in a stable manner once it has 
been switched. Therefore, it is regarded to be an effective 
way of controlling the optical path at junction points in the 
optical fiber. NTT plans to pursue practical application of 
the switch in the connection of trunk line systems and 
unterminated fiber in future optical communications 
networks. 


The prototype optical switch consists of diagonal capillary 
tube arranged at the intersection of optical waveguides 
which cross at right angles on the chip. When the mercury 
and air bubbles in the capillary tube are moved, the injected 
light is reflected and the optical path is switched at right 
angles. 


There are two types of switches. In the first type, water and 
mercury are put into the capillary tube, and electrical 
current is applied to move the mercury. In the second type, 
a water solution which contains air bubbles is put into the 
capillary tube, and the position of the air bubbles is changed 
by heat variation. When the mercury or the air bubbles 
come to the intersection of the optical waveguides, the light 
is reflected and the optical path is changed. 


In both cases, movement has been verified. In the case of the 
mercury type switch, movement occurs in the direction of 
current flow through the capillary tube (negative pole). In 
the air bubble type switch, a heater is situated at both ends 
of the capillary tube, and the movement is toward the more 
relaxed end. Also, due to the effects of the capillary tube, the 
position of the mercury or bubble is fixed. It has been 
confirmed that the position does not change even when the 
tube is tilted. 


The internal diameter of the capillary tube used in the 
experiment was 0.7mm. In experiments with 1.3m and 
1.55pm laser light switches used in communications trunk 
lines, it was verified that switching could be achieved with a 
loss of 20% of the injected light. 


Future improvements will include the use of higher purity 
n.ercury to increase reflectivity, precise position control of 
the optical waveguide and switch, and more accurate sub- 
miniature fabrication processes to lower the amount of loss 
incurred by the switch. Ultimately, NTT plans to achieve 
practical use in switches situated where the trunk fiber 
branches out of the unterminated fibers. 


These branching sections are different than switches used in 
exchanges. In these sections, the stability of maintaining the 
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status of the switch is more important than the speed at 
which the path is switched. In the new type of switches, the 
status will be maintained even when the current or heat is 
turned off after switching. Therefore, excess energy will not 
be applied, and power will be saved. 


NTT’s Advantages for PHS Operation 
95FE0086C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 17 Nov 94 p 11 


[FBIS Translated Text] The Nippon Telegraph and Tele- 
phone Corp. (NTT) has set up preliminary planning compa- 
nies in nine regions across Japan in preparation for PHS 
business. S. Fukumoto, president of NTT’s Central Personal 
Communications Network Planning Center (1-2-1 Shibaura, 
Minato-ku, Tokyo), which covers the Tokyo Metropolitan 
region, is planning to receive final permission for a PHS 
business license from the Ministry of Posts and Telecommu- 
nications. According to Fukumoto, “An application will be 
made within the month. If the license is granted before the 
end of the year, base stations will be set up immediately.” 


[The following is an interview with Mr. Fukumoto.] 


Question: There is quite a bit of energy going into starting 
PHS services by summer of 1995... 


Fukumoto: I wonder if it really is too much.... The Ministry 
of Posts and Telecommunications estimates that there will 
be 38 million subscribers by the year 2010, but I'm not quite 
sure if that will really happen. By the year 2000 there will 
probably be 6 to 7 million units in operation; or maybe 10 
million units at most. In reality, it takes time to set up base 
stations. One must also consider the possible complaints 
that might arise, since coverage will be 90% of the popula- 
tion, such as with cellular phones. 


Question: It has been said that 20,000 base stations will be 
needed to cover the 23 districts of Tokyo. What is your 
installation plan? 


Fukumoto: We are using computer graphics simulation to 
determine where the base stations should be located. 
Although we have not determined the number of facilities 
yet, we would like to start service about mid-summer of 
1995. It will be impossible to cover the entire area right at 
first. We would like to set up at least 20,000 new base 
stations during FY95. It appears that success or failure of 
the business will be determined by how fast we can set up 
the base stations and where we place the user targets. 


Question: Where will the user targets be placed? 


Fukumoto: We are planning to base our decision on infor- 
mation gained through past experiments in Sapporo and 
Tokyo, and through independent surveys. We can’t say for 
sure exactly where they will be located. What we can say is 
that in order for the PHS business to expand, it will likely be 
necessary to create a “PHS culture” over the next three 
years. In other words, business cards will probably have to 
include the PHS phone number in addition to the 
company’s phone number. 
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Question: How do you view the management of PHS 
business? 

Fukumoto: Although our company is actually a subsidiary of 
NTT, less than half of the revenues will be paid to NTT. At 
first, costs will significantly exceed revenues. After service 
has been started, it may take five years before we move into 
the black, and cumulative loss should be eradicated between 
the seventh and ninth year of service. In any case, the future 
of PHS could be bleak if business does not take off during 
the first three to five years of service. 


Editor's Comment: There are currently three companies 
which have announced intent to start PHS services begin- 
ning Summer 1995: the NTT Group, the DDI Group, and 
the JR Trading Group. However, DDI plans to utilize 
ap he public ISDN network initially. In a sense, DDI will 

be dependent on NTT, which places NTT in a positive 
position. It is not yet clear which exchanges will have to be 
modified by NTT, who will bear that cost, or how the 
connection fee will be established for the PHS business. It is 
difficult to establish a blueprint for the PHS business 
without first these issues. In this sense, NTT also 
has a firm hold on the other two groups in the PHS business. 


Microwave Transmission Experiments Begin 
95FE0086D Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 13 Nov 94 p 10 


[FBIS Translated Text] The Kansai Power Co., in conjunc- 
tion with Kyoto and Kobe Universities, has begun testing 
a microwave power transmission system. This new tech- 
nology makes it possible to transmit electrical power 
without the use of cables, and can be used to send power to 
islands or to supply energy to mobile robots. Also being 
explored is the concept of a solar generator satellite, where 
power is generated in space and then transmitted to the 
earth. If this can be done effectively, it will open the door 
to numerous applications. However, the effects of micro- 
waves on living organisms and ecosystems are not fully 
understood, and a second approach which investigates 
these effects must take place along with the technological 
development. 


Outdoor Testing Rarely Performed 


Kansai Power’s Technology Research Center, Yamazaki 
Test Center, is located in Yamazaki-cho in western Hyogo 
Prefecture. Situated there are two antennas facing each 
other on an asphalt-paved site. One of them is a 3-meter 
diameter cup-shaped parabolic antenna. The other one is a 
small flat antenna called a “rectenna”, which has 16 rows of 
receiving devices arranged horizontally and verticaily, for a 
total of 256 devices. The two antennas are situated fifty 
meters apart. 


With the flip of a switch and an operator's cry of “Here it 
goes!”, a light bulb at the top of the flat antenna on the 
receiving side goes on. About 5 kilowatts of power is 
changed to microwaves and transmitted from the parabolic 
antenna to the rectenna, thereby turning on its light. 
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Shimokura Naogi, a researcher at Kansai’s Technology 
Research Center, explains: “We know now that electrical 
power can be transmitted. In the future, we plan to gather 
data regarding the effects of weather conditions (rainstorms, 
etc.) on transmission, along with analyzing the data we have 
gathered regarding transmission efficiency.” 


Kansai Power started basic testing of microwave power 
transmission in mid-October 1994, with the goal of using it 
in locations where power cables cannot be installed easily, 
such as isolated islands, mountainous areas, and national 
parks. Researchers from Kyoto and Kobe Universities are 
cooperating with regard to technical aspects. 

The idea of microwave power transmission has been around 
since before World War II, but there have been few outdoor 
tests of this type. One such case in 1975 involved the U.S. 
Jet Propulsion Laboratory and Raytheon Corp., where 
power was successfully transmitted one mile. However, 
since the research was military-related, details have not 
been made public. So, in a sense, this field of research is 
mostly untouched. If the expected results are received from 
basic testing, Kansai Power will next test transmission of 
100 kilowatts over a distance of 3 kilometers. This would 
approach feasible use of the technology. 


Satellite Generators Targeted 


The theory involved in power transmission is not much 
different than microwave communications used for long- 
distance telephone circuits. Transmitting power is similar to 
superimposing signals on microwaves for communications. 
The only difference is that the power is weaker in commu- 
nications. In microwave power transmission, a large 
amount of power is transmitted instead of superimposing 
signals. The microwaves used in the test have a wavelength 
of 2.45 gHz, which is the same as those used in microwave 
ovens to heat food. 


Research on microwave power transmission advanced 
worldwide in the 70’s. The idea of putting a solar generator 
satellite in a static orbit, and transmitting large amounts of 
power to earth was first suggested in the United States in 
1968. This concept gained support during the oil embargo in 
1973. The U.S. Energy Commission and National aeronau- 
tics and Space Administration (NASA) investigated the 
feasibility of such a project, and began ing on the 
design. Testing was also performed. In the 1980's, research 
was placed on the back burner as the oil crisis came to an 
end. At present, only countries such as Japan and France, 
which are poor in natural resources and which still feel the 
effects of the energy crisis, are continuing the research. 


Professor Hiroshi Matsumoto of Kyoto University (director 
of the Upper Atmosphere Microwave Research Center) is 
one of those who continues enthusiastically to pursue the 
research. He feels that “the future existence of the human 
race will depend in microwave power transmission.” This is 
because it is predicted that humanity will eventually exhaust 
all of the fossilized fuels buried in the earth, and will seek 
energy resources from space. 
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In 1992, the Ministry of Posts and Telecommunications 
Laboratory, in cooperation with private industry, success- 
fully test-flew a model airplane using microwave power 
transmission. In 1993, a satellite was launched using a 
rocket provided by the Ministry of Education, Space, and 
Science Laboratory, and microwaves were sent and received 
in space. For Matsumoto, the joint testing with Kansai 
Power brings achieving a solar generator sateilite one step 
closer. 


Professor Nobuyuki Kaya of Kobe University, who joined 
forces with Professor Matsumoto for a series of tests, 
reports: “In addition to the satellite power generators, there 
will also be smaller-scale applications for the technology.” 
For example: robots. Inspection robots which move about 
within the long piping in nuclear power generators, and 
robots which work in outer space, could move more freely if 
cables were not attached, Recharging electric-powered cars 
as they run along expressways is another possibility. 


The next goal of Professor Kaya, et. al., is to take on serious 
testing of microwave power transmission from an earth- 
orbiting satellite. Work on developing the needed equipment 
has already begun. 


A major issue involved in the feasibility of microwave 
power transmission is the effects of microwaves on ecosys- 
tems. Since the transmission uses large antennas, and the 
energy can be sent at low density, there is no immediate 
danger even if organisms are directly exposed to the micro- 
wave beam. 


At present in Japan, the safety standard for microwave 
transmission is established at one milliwatt or less per 
square centimeter. The testing which is being done is less 
than this level. This level will also not be exceeded during 
future solar generator satellite testing. This is because 
although (as Matsumoto points out) “It’s not like birds 
flying through the air will become fried meat,” there are still 
some uncertain elements regarding long-term effects. 


With regard to long-term exposure, a specialist (Professor 
Inoue of Nagoya University’s Environmental Medicine 
Laboratory) reports: “From experience, it appears that there 
is no harm, but this cannot be said with 100% certainty. 
Since microwaves were first used for communications in the 
1950’s, the U.S. National Institute of Health (NIH) and the 
Environmental Protection Agency (EPA) have been con- 
ducting research, but to date there are no results which show 
that the transmission of weak microwaves is linked to 
cancer or other diseases.” 


However, research done in the former Soviet Union suggests 
that there are effects on living organisms, and recently a 
researcher from J. Nell University in India has reported that 
in experiments with animals there has been a sudden change 
in the base arrangement of DNA (deoxyribonucleic acid) 
caused by exposure to microwaves. In this testing, the 
change occurred in sections which were not used to transfer 
the genetic information within the DNA, and no change was 
observed in the mice. 
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Slow but sure testing of long-term effects are about to begin 
by the Space Science Research Center and Industrial Tech- 
nology Institute/Electronic Technology Research Center. 
The Electronic Technology Research Center will soon start 
up a “microwave garden” in which wild plants are exposed 
to microwaves in a garden. The intent is to investigate the 
effects of 740 watt microwaves (of the same nature as those 
used in microwave ovens) on plants and underground 
organisms. 


According to Lab Director Kudo of the Space and Tech- 
nology laboratory, Electrical Technology Research Center: 
“We are searching for the proper experiment which will 
provide the most certain results. In any case, we will 
experiment over a period of four to five years.” 


Even if we don’t wait for the achievement of microwave 
power transmission, the atmosphere is already full of micro- 
waves for wireless communications and broadcasting. Con- 
ducting the first research on the effects of such an environ- 
ment will also likely become a significant global 
contribution in the field of basic science. 


JAMSTEC Report on Data Transmission Using 
Deep Sea Cables 


95FE0086E Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 11 Nov 94 p 7 


[FBIS Translated Text] A marine observation system which 
uses deep sea cable has become the focus of attention as a 
new global observation system, and the Marine Science and 
Technology Center (Mr. Ishizuka, director) has compiled a 
report regarding data transfer technology using deep sea 
cable. The investigation was contracted to the Japan Deep 
Sea Technology Association, and was under way for two 
years. According to the report, a data transfer system which 
uses coaxial deep sea cable can be used to achieve a vastly 
superior observation system, and enables wider observation 
than that achieved by remote sensing from aircraft or 
satellite. However, a number of developmental problems 
remain to be resolved, such as maintenance, supply of 
electrical power, and data exchange with optical fiber that is 
designed for deep sea applications. 


Following is a summary of the report. 


The observation network system which uses cable is an 
expansive observation system in which the observation 
units are situated on both sides of deep sea cable in a 
belt-like manner. The observation data is relayed to the 
deep sea cable using optical fiber cable and underwater echo 
technology; and is then finally transmitted to land. Subjects 
for observation include water temperature, salinity, sea bed 
formation, seismic waves, and other data that is essential to 
global fluctuations and environment. 


The best way to transfer this type of data is a method 
whereby the necessary channels are given to the observation 
station. The transfer rate is 9,600 bits per second, which is 
essential for real-time transfer of underwater sound and a 
standard band width of 4 kilohertz is needed. Another 
important issue is that a technique is needed to connect the 
cable and fiber in order to send data from the relay units and 
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measurement devices to the deep sea cable, and to send 
control signals from the equipment. With regard to this 
problem, it is possible to use branching technology and cabie 
laying methods already in existence. 
There is a method in which the data transfer relays are 
arranged in series along the deep sea cable, and the conduc- 
tors are coupled mechanically. The observation devices are 
positioned at the tip of the optical fiber cable, which is 
further branched. Another method consists of using a three- 
way coupler for the deep sea cable, and mechanically 
coupling the conductors. These methods can be used from a 
technical point of view. Coupling methods which use the 
ic induction effect enable the use of sea bed 
working robots, but the coupling efficiency needs to be 
improved. 


Large Amount of Data Transferred 


Good results have been achieved transferring deep sea 
observation data using optical fiber cable several millime- 
ters in diameter. Use of pulse code modulation systems 
makes it possible to transfer large volumes of data over a 
distance of 100 kilometers without requiring relays. In 
addition, underwater echo transmission is not limited to 
vertical transmission—packet data groups can be sent 10 to 
20 kilometers by installing data relays on the sea surface. 


As for the power source, manganese/lithium dioxide bat- 
teries (one-use, disposable type) or lead batteries (recharge- 
able type) can be used. Of these two, the manganese/lithium 
dioxide batteries have a higher energy density, and can 
provide larger capacity. They can also be used five to ten 
years without requiring maintenance, and are therefore the 
better of the two. The lead batteries must be charged once a 
year, and require maintenance, so they are not suitable. 


Key Technologies Established 

There are two ways in which exhausted manganese/lithium 
dioxide batteries can be replaced. One way is to collect them 
from the sea and replace them in mid-air. The other way is 
to replace them underwater. Although there are no signifi- 
cant problems with these key technologies, there are prob- 
lems which should be resolved, such as the placement of new 
observation systems at a depth of 4,000 meters undersea. 
These problems need to be solved on a methodical basis. 
Although numerous challenges remain, the change from 
cable to optical fiber will progress on a global basis; and 
observation methods which utilize coaxial deep sea cable 
will become pivotal technologies for next-generation deep 
sea observation systems. 


th Year 1996 for Digital Communication 
te 


95FE0086F Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 11 Nov 94 p Il 


[FBIS Translated Text] An informal meeting regarding the 
future of broadcasting in the age of multimedia, geared 
toward the digitalization of television broadcasting, was 
held by the Ministry of Posts and Telecommunications 14 
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current situation. 


43070011A Tokyo THE NIKKEI WEEKLY in English 
7 Nov 94 p 8 


[Article by Norri Kageki, staff writer] 


The answers to these questions may determine who cashes 
in on a product that its boosters say will usher in a new 
chapter of mobile communications in Japan. And last 
week's announcement by the Ministry of Posts and Tele- 
communications of its handy-phone authorization policy— 
paving the way for license applications to be submitted by 
the end of the year—underlined the stakes in the upcoming 
three-way fight for market share. 


The ministry is expected to grant regional licenses to sub- 
idiaries of Japan's tel sonttone teat h Ni 

Telegraph and Telephone Corp., subsidiaries of its entrepre- 
neurial rival DDI Corp. and a consortium referred to as 
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Astel, which includes electric power firms, Japan Telecom 
Co. and major trading houses. 


business is lucrative or not depends a great 
deal on how much NTT charges for the use of its local 


entiate ourselves and make users subscribe to our service.” 
he added. 


This conceptual difference distinguishes DDI from NTT, 
officials claim, and it explains the difference in the list of 
manufacturers that DDI and NTT have asked to make trial 


Another major difference between the handy-phone systems 
of NTT and DDI is the transmission antenna. 


Because DDI’s antenna has a better reception capacity, its 
subsidiaries will need to erect fewer antennae than NTT’s to 
cover the same area, but it also has its disadvantages in 
limiting subscriber capacity. 
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Meanwhile, the third group, Astel, is hampered by its late 
start in the handy-phone business. Because it does not have 
original technology, Astel will initially rely on NTT’s handy- 
phone techniques. While Aste! aims to gradually lessen its 
dependence on NTT’s network, members of the consortium 
say its competitive edge comes from its wide marketing 


“Look at our shareholders,” said Shushi Nishimura, man- 
aging director in charge of sales at Astel Tokyo Corp. 
Major trading houses, such as Mitsubishi Corp. and Mitsui 
& Co., hold major shares, and “our sales ability and chan- 
nels are enormous,” said Nishimura, who also is from 
Mitsui 


ability, NTT is still poised to make the most money out of 
the personal handy-phone business—anot the handy-phone 
subsidiary but the giant itself—points out Shigehiko Naoe, a 
telecommunications policy expert and professor at Chuo 
University. 
As long as NTT receives network-usage fees, “it doesn’t 
matter who becomes a personal handy-phone service pro- 
1-1! peat ciara 
id Naoe. 


Asia Should Build Own Info Superhighway 


43070011B Tokyo THE NIKKEI WEEKLY in English 
31 Oct 94 p 6 


[Article by Tetsuro Kawakami, chairman, Kansai Economic 
Federation in Osaka] 


[FBIS Transcribed Text} While the “information superhigh- 
way” is becoming an increasingly popular discussion topic 
in the U.S. and Japan, a similar state-of-the-art telecommu- 
nications network for Asia would likely accelerate economic 
development within the region. 

With its capability of carrying massive amounts of data, 
including image and sound, between households and work- 
places, an information superhighway would also be benefi- 
cial in reducing existing economic gaps between the indus- 
trialized world and developing nations, a major issue to be 
addressed in the post-Cold War era. 

In Japan, a research project on the broadband integrated 
services digital network (B-ISDN) is advancing at Kansai 
Science City, which stretches over Kyoto, Osaka and Nara 
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tions technologies are expected to have a great impact. 
Although the U.S. and Japan are front-runners in devel- 
oping information-telecommunications networks, similar 
projects are also under way in other parts of Asia. Each 
country should be allowed to have telecommunications 
sovereignty and promote the establishment of its own net- 
work. 


As a matter of fact, Singapore, Malaysia and South Korea 
are all working on original concepts. 

These networks will need to be connected in due course to 
cover all of Asia and then the whole world. 


Japan can play an important role in bringing about such 
Official 


Economically Sound Move 

In fact, the chance to build such an information highway 
should not be missed, given the future course of the Japa- 
nese economy. With the yen maintaining record strength 
against the dollar, Japan’s manufacturers have recently been 
accelerating their shift of production bases overseas, to 
Asian destinations in particular. 

The development of information-telecommunications tech- 
nologies will enhance such production transfers. Now, for 
example, design drawings have to first be stored on floppy 
disks and then mailed or carried by courier to overseas 
plants. By setting up an information superhighway, those 
same drawings and other data could be sent from Japan via 
telecommunications networks, saving time and expense. 
It is no exaggeration to say that industrialization, centering 
in East Asia, will be realized through the relocation of 
Japanese plants and Japan’s cooperation in the streamlining 
of an information-telecommunications infrastructure. 
But before it takes steps to pave the information highway, 
Japan should make a clear commitment that it will share a 
mutually beneficial production network with the rest of Asia 
in such fields as manufacturing and agriculture. 

At the ministerial-level meeting of the Asia-Pacific Eco- 
nomic Cooperation forum, scheduled to be held in Osaka in 
November 1995, Japan should demonstrate the advances it 
has made in telecommunications technology and propose 
the establishment of an Asian version of the information 
superhighway. 
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